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Abstract 
The advent of information communications technology (ICT) and digital technology has 
gradually changed the museum landscape. As an informal learning context, many museums 
around the globe have been working very hard to enhance and enrich their visitors’ museum 
learning experiences by taking advantages of the possibilities offered by technology. 
Nevertheless, in doing so, museums are desperate to find an effective formula in designing 
their educational exhibit content; mainly how to represent and deliver in their online exhibit 
counterparts and to fulfil their role facilitating the formal education context. In designing and 
developing digital materials for such a complex pedagogical environment requires much 
detailed attention in dealing with individual cognitive differences. As such, human-beings’ 
information processing not only affects how they learn but more importantly, how they 
influence the overall preferences of the exhibit design elements. Thus, this thesis investigates 
the interactive effects between cognitive preference and the instructional strategies as they 
were received during their museum learning experiences. The research study utilised the 
existing content of the Melbourne Museum’s Dinosaur Walk exhibition. The cognitive 
preferences, on the other hand, represents the human-beings’ information processing 
differences that are often described as an individual’s preferred and habitual approach to 
represent the information they receive while undergoing the instruction.  
The research employed a three-phase quasi-experimental design; the fieldwork experiments 
were conducted to examine the instructional outcomes of children aged 10 to 12 (from 
Victorian primary schools, in Australia). This student cohort, therefore, involved children with 
different cognitive preferences within two museum instructional exhibit strategies; the web-
based exhibit and the physical museum exhibit content of the Dinosaur Walk exhibition in the 
Melbourne Museum. The data collected were scores from: i) the cognitive style analysis (CSA) 
and ii) the cognitive performance (pretest and posttest) from 91 school children aged 10 to 12 
years old from Australian primary schools in the Melbourne suburbs. The validity and 
reliability of the cognitive performance measurements tools (the pretest and posttest) were 
established under the auspices of the Rasch model applying the Quest Interactive Test Analysis 
System.  
 iii 
The cognitive performance measurement scale was found to have reliability estimates of 1.00 
with item fit statistics ranges 0.87 to 1.18. These statistics show that all the test-items were 
measuring the one construct. Cohen’s effect size has been utilised to compare the magnitude 
of differences between the experimental groups. Further analysis confirmed the interactive 
effect between cognitive preferences and the museum instructional strategies on their 
museum learning experiences. It was also found that Wholist-Verbalisers achieved their best 
performance under the web-based museum instructional strategies compared to the physical 
museum with an effect size of 1.44. The results also revealed that participants with lower prior 
domain knowledge benefits more from the web-based instructional strategies.  
 
This thesis enhances the formulation of the interactivity between the human and 
technological dimensions of the online museum learning environment. It highlights the 
essentials and degree of interaction and knowledge that may be utilised to improve the design 
and evaluation practices of personalised museum learning and other learning environments. 
The study also demonstrates the effectiveness of the Rasch measurement approach for 
instructional design and performance measurement. 
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Glossary of Terms 
 
Cognitive preferences 
Understood to be an individual's preferred and habitual approach to organising and 
representing the information they receive. Cognitive preferences provide an extensive and 
more functional characterization of students than could be derived from intellective abilities 
(Messick, 1984). 
Fit Statistics 
Indices that estimate the extent to which responses show adherence to the modelled 
expectation (Bond & Fox, 2007, p. 310). 
Infit mean square   
The extent of a misfit for a person or an item. Its expected value is 1.00, and the acceptable 
range lies between 0.77 and 1.30 (Adams & Khoo 1996; Bond & Fox 2007). 
Instructional strategies 
The design of the multimedia instructional information/pedagogies particularly when 
designing for educational purposes; and should directly align with the identified specific 
context. 
Logit 
A unit of measurement described as “interval scale in which the unit intervals between 
locations on the person-item map have a consistent value or meaning” (Bond & Fox, 2007, pp. 
38). Logit scales linearised the relationship between a person and item difficulty where the 
probability of success depends on the difference between the ability of a person and the 
difficulty of the item (Bond & Fox, 2007). 
Multimedia instruction 
The presentation of materials using both words and pictures to promote learning (Mayer, 
2014, pp. 2). 
Museum instructional format 
For this thesis, this term refers to the instructional strategies adopted by the museum; 
whereby referring to the way museum represent their exhibit information (either online/web-
based or within the physical museum).  
Online learning environment  
“any digital learning space or environment where learning activities, opportunities, and 
experiences are design based on appropriate learning theories and techniques, using various 
attributes of digital technologies to create meaningful environments for diverse learners 
where learning is fostered and supported” (Khan, 2012 pp.2) 
Unidimensionality 
An assumption of the Rasch model, and it is required to ensure that all test-items reflect the 
same underlying construct (Bond & Fox, 2007; Blackman, 2005) 
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1 Chapter 1 : Introduction  
 
 
 
1.1 Overview 
This thesis reports an empirical investigation in the field of Information Systems (IS) focused 
on human-computer interaction (HCI); that is, the idea of a person’s interaction with 
pedagogical-elements presented on a computer screen to primary school children in 
Melbourne, Australia. The research crosses the boundaries of three research paradigms as 
they relate to HCI: cognitive psychology, instructional design and museum 
instructional/learning strategies. The first paradigm, cognitive psychology represents the 
differences in human being’s information processing by referring to an individual’s preferred 
and habitual approach when organising their thinking processes and representing their 
received information. Instructional design as the second paradigm that guides the 
instructional strategies and multimedia instructions for the museum exhibits. Finally, the 
museum learning paradigm provides the pedagogical context for the investigation of how the 
online environment influences a person’s museum instructional/learning experiences.  
 
This chapter presents:  
• background of the research study; 
• research motivation; 
• research aims; 
• research objectives; 
• research questions;  
• an orientation to the design and implementation of the study; 
• assumptions; 
• limitations; 
• summary; and  
• structure of the thesis.  
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1.2 Background of the research study 
Nowadays, the advancement and enhancement in Information and Communications 
Technology (ICT), particularly the web technology, has elevated the adoption of instructional 
strategies to become more robust than the traditional face-to-face classroom teaching 
strategies. This diversion could be seen as creating many new opportunities by educational 
instructional designers to fulfil the demanding needs for both the teaching and learning 
processes (Lai & Bower, 2019; Anderson, 2008).  The term virtual or online learning has now 
become a common axiom in the education field when referring to web-based learning (Jensen, 
2017; Davies & Dalgarno, 2009). In fact, mobile device applications have also become routine 
in supporting and facilitating daily tasks for learning purposes. Such a virtual instructional 
space or online learning environment is therefore defined as:  
any digital learning space or environment where learning activities, opportunities, 
an experiences are designed based on appropriate learning theories and 
techniques, using various attributes of digital technologies to create meaningful 
environments for diverse learners where learning is fostered and supported (Khan, 
2012 pp. 2).  
In designing and developing digital materials for such a complex pedagogical environment 
requires much detailed attention, creating many challenges for the interactive multimedia 
designer, particularly with regards to deciding how to deal with the evolving interfaces and 
interaction design requirements; as well as other human-computer interaction (HCI) issues, 
such as technical requirements to support the interactions of people with the digital learning 
environment. Hence, addressing and considering critical factors of human differences in 
designing for HCI is crucial to ensure the usability aspects of the digital learning system. 
Moreover, the diversity of learners' cognitive instructional and learning preferences forced 
careful and detailed consideration in addressing an individual's instructional and learning 
needs online. Individual cognitive styles, for instance, relates to HCI not only through the 
influence of the learners’ preferred information processing mode on their performance on a 
computer, but also their overall preferences for specific design elements (such as their 
preferences towards verbal or visual information representation formats). Therefore, various 
instructional strategies that utilise multimedia have been adopted to enable authentic 
pedagogies.  
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Instructional strategies involving multimedia thereby provide a broad range of opportunities 
for the design, with many new possibilities for innovative instructional/learning environments 
(Coombs & Bhattacharya, 2018).  Although at first glance the design and development process 
of instructional materials seems to be quite simple and straight forward based on the 
instructional objectives; production of original, quality materials with appropriate visual 
design that meets the usability are among the challenges instructional designers have to 
consider while trying to maintain the originality of the instructional content (Şendurur, Ersoy 
& Çetin, 2018).  
 
There are many new forms of instructional content delivery hence adding variety to the 
instructional strategies in creating interesting new learning spaces (Koçak et al., 2019; Traxler, 
2018; Abu Bakar, Gopalan, Zulkifli, & Alwi, 2018; Nielsen, Brandt and Swensen, 2018). The 
idea that multimedia instruction should involve both words and pictures to foster learning 
(Mayer, 2017; Mayers, 2014), has prompted continuous efforts to promote efficient and 
effective instructional events (for example see: Seufert, 2019; Mason, 2018; Jensen, 2017). To 
this end, there are many accounts in the literature suggesting that such multimedia artefacts 
play a crucial role in education (Savov, Antonova & Spassov, 2019; Chan et al., 2018; Park et 
al., 2018).  
 
Research on the design of multimedia learning can be approached by either focusing on the 
technology which focuses on capabilities of the advancing technologies or on the learner that 
focuses on the human cognitive system (Mayer, 2009). The first approach is quite 
straightforward by utilising appropriate multimedia technology to enhance the learning 
process. While on the other hand, the second approach is centralised around the learner and 
seems to be more complicated; whereby the concentration is towards aiding human 
cognition. To do so requires a deep understanding of how humans think and process 
information (Ali, Bakar & Akhtar, 2014; Riding & Rayner, 1998).  
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Initially, Schnotz and Lowe (2003) describe multimedia as the combination of multiple 
technical resources to present information represented in multiple formats via multiple 
sensory modalities, and further propose three different levels of multimedia resources: a 
technical level (such as devices used for the delivery); a semiotic level (representational 
formats such as text, pictures and sounds). The third approach involves the sensory level (the 
visual or auditory modality). A similar view was also proposed by Mayer (2014) who uses 
different terms to explain the (instructional) multimedia message as being a view, including: 
presentation mode; sensory modality; and the multimedia delivery. More importantly, 
Mayer’s Cognitive Theory of Multimedia Learning (CTML) has been a prominent model that 
describes the processing of textual and picture information (Mayer, 2009). Multimedia 
learning will be discussed further in Chapter 2.   
 
Despite the benefits of promoting learning offered by web-based technologies, many suggest 
that even professionally developed instruction sometimes fail to achieve recognisable learning 
benefits (Spector & Davidsen, 2000; Schnotz & Lowe, 2003). This statement remains true with 
recent findings that the potential of (educational) technologies can only be realised if the 
design and use of the technologies are based on an understanding of individual learning needs 
(Koć‐Januchta et al., 2019; Bower, 2019; Alyahya, 2018; Alhathli, Masthoff & Beacham, 2018; 
Laurillard, 2006; Leflore, 2000). In agreement to the statement, Holden (2015) asserted 
instructional designers to consider relevant learning theory that explains how individuals 
differ in the way they learn; for instance by understanding the different learning styles an 
individual possesses so that appropriate method and materials can be designed and 
developed to enhance learning. In addition, multimedia literature that focuses on learning and 
instructional design further suggests that well-designed educational programmes should 
consider both the human cognitive perspective and multimedia principles (Alemdag, 2018; 
Leflore, 2000; Merrienboer & Kester, 2005; Sutcliffe, 2003).  
 
This argument is strengthened by the limited capacity of the human brain for information 
processing (Kuldas et al., 2014; Slagter et al., 2007; Miller, 1956), indicating that understanding 
human cognitive psychology is an important aspect to consider when designing multimedia 
instructions particularly in online learning environments (Bower, 2019; Sorden, 2005).  
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Furthermore, there is evidence that individual differences in cognitive preferences may have 
an impact on how environmental variables affect learning (Mendelson & Thorson, 2004; 
Riding & Staley, 1998). 
 
Individual differences have been a priority for researchers to explain the complexities of 
effective HCI, suggesting that understanding cognitive preferences is critical for the success of 
any web-mediated information system development (McKay at al., 2019; Sharp et al., 2007; 
McCracken & Wolfe, 2004; Elsom-Cook, 2001). The continuous call for investigations into 
cognitive science indicates the importance to address this part of individual differences during 
the online courseware design process. Of particular interest in the educational context, is that 
special attention should be given to the relationship between the various presentation formats 
(multimedia instructions) with the way human beings process the information they receive 
(thinking strategies) to both enhance the learning environments and to cater for a wider 
variety of student learning styles (Sankey, Birch & Gardiner, 2010) and achieve effective 
learning outcomes (Mayer & Moreno, 2002). For example, in a web-based museum 
instructional environment, the visitors’ profiles are expected to involve diverse characteristics 
such as: gender, background, and prior knowledge. Various investigations have been 
conducted to determine the changing needs and demands of online museum visitors. 
Nevertheless, rarely there is an emphasis from the exhibit designers to clearly understand how 
their online visitors (cognitively) process their web-based information. Accordingly, 
understandings of an individual’s cognitive preferences may provide an appropriate solution 
to improve the design of web-based or online exhibits.  
 
1.3 Problem Statement 
 
It is recognised that the learning which occurs in museum exhibits is informal; as yet the design 
of such learning experiences typically applies different learning theories (Hein, 1998; Schaller 
& Allison-Bunnell, 2003; Schaller et al., 2007) to suit the desired instructional outcomes. In 
practice, specific attention has always been given to measure the instructional outcomes and 
the effectiveness of the museum learning programmes (Hooper-Greenhill, 2004). Students 
and teachers have become a target audience for the adoption of museums' content 
(Hammerness, Macpherson & Gupta, 2016; Peacock et al., 2009) within their educational 
curriculum.  
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Many studies have been conducted to investigate museum learning experiences, including the 
measurement of the museums visitors' learning outcomes particularly the young visitors (for 
example see: Wong & Piscetelli, 2019; Moorhouse, tom Dieck & Jung, 2019; Andre, Durksen 
& Volman, 2017; Carr et al, 2015; Sutcliffe & Kim, 2014). Countries such as United Kingdom, 
Australia and the United States of America have realised the potential of museums in 
enhancing student learning (Samihah Khalil et al., 2000). Many museums across the globe 
have carried out initiatives through various projects and programmes to investigate the 
effectiveness of museum learning as well as what can further be done to improve it, as 
education has become part of a museum’s organisational objectives (Isa, 2017). Smithsonian 
Centre for Learning and Digital Access with the School of Education at the University of 
California, Irvine (2018) for example, undertook a research project looking at how the museum 
can best help teachers to utilise the museum content in supporting their teaching.    
Nevertheless, there is a real need for a more systematic investigation to measure and provide 
empirical evidence of the effectiveness of the online/web-based museum environments that 
facilitate successful learning experiences. Although previous research in other learning 
contexts has shown that there are interactive effects of an individual‘s cognitive preferences 
with instructional strategies in the learning environments (McKay, 2000b; McKay, 2003), it 
remains unclear about similar findings in the online environment (McKay, 2003). Of particular 
interest, Goodale and colleagues (2014) emphasised the need for more investigations into the 
importance of cognitive style in enhancing pedagogical obligations of the digital museum 
environment to satisfy the growing needs and requirements of their visitors.  
Despite the numerous research conducted within a museum’s learning environment, it is 
challenging to find empirical work that provides sufficient evidence on the influence of school 
children’s cognitive (thinking) preferences in their web-based museum experiential learning 
outcomes. Furthermore, to enhance individual amplification of information presented as well 
as learning in museums, it is assumed that information presentation should be adaptive and 
match visitors’ shared preferences (Mayr, Zahn & Hesse, 2007). Therefore, it is pragmatic to 
conduct cognitive developmental research in museums to address such a gap (Callanan, 2012).  
This research was therefore planned to address this oversight by investigating the interactive 
effects of the different museum information systems interfaces (ISI) that involve multimedia 
representation format (textual and graphical) and the students’ cognitive preferences in their 
museum learning experiences.  
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Additionally, exploring this interactive relationship in an informal learning context, such as 
found in a museum, would be valuable as the empirical evidence would add to the body of 
educational research community’s knowledge as well as the instructional courseware design 
practice that strives to improve effective digital learning environments (Arguel, Lockyer, 
Kennedy & Lodge, 2019). 
 
1.4 Research Aim and Objectives 
 
 
The research aim was to understand whether the online museum instructional system 
interface (ISI)-design facilitated primary school students in their museum-visit’s learning 
experiences for a range of cognitive style preferences.  
 
The main objective was, therefore 
 
To examine the interactive effect of instructional system design 
(ISD)-format (web-based museum-visit vs physical museum-visit) 
and cognitive styles preferences on the cognitive performance 
outcomes of the museum-visit. 
 
In accomplishing the main objective, the following specific sub-objectives were also formed:  
Sub-objective 1:  To examine the learning performances of students 
with different cognitive preferences in their museum 
learning experiences;  
 
Sub-objective 2:  To investigate the effect of interaction between the 
museum’s instructional strategies and the learners’ 
cognitive preferences on their museum learning 
experiences. 
 
In order to allow a direct and systematic observation of the individual cognitive preferences, 
the cognitive styles construct devised by Riding and Cheema (1991) which consists of the 
Wholist-Analytic and Verbaliser-Imager dimensions was used.  
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These dimensions of the cognitive styles construct provide explanation on how a person will 
receive, organise, interpret and process information. The cognitive styles analysis (CSA) 
(Riding, 1991) software tool measured both cognitive styles dimension to determine the 
individual cognitive style preferences.  
 
Following the investigative aim of the study towards understanding the interaction between 
individual cognitive performances and the museum’s instructional exhibit formats, choosing a 
suitable statistical measuring tool was crucial. Therefore, this study employed a Rasch 
measurement model which applies the item response theory (IRT) in providing relevant 
evidence for the cognitive performance outcomes. The Rasch probabilistic model provided 
analysis of both the test-item difficulty (relative to each test-item’s behaviour) as well as the 
person’s ability (relative to other participants), on the same measurement scale (which cannot 
be obtained from a statistical analysis based on the classical test theory (CTT). Figure 1.1 
illustrates the utilisation of IRT, the Rasch model and the individual cognitive preferences in 
determining cognitive performance as implemented in this research study. 
 
Therefore, the overall aim of this research study was to contribute to the body of knowledge 
as well as to provide evidence of the effect of different museum instructional exhibit formats 
on the museum learning experiences of individuals with various cognitive preferences. As most 
of the previous studies have focused more on the formal learning context, this study will shed 
light on the informal learning context; namely the digital/online museum context. The 
outcome of this research study provides input to the design and development of the museum 
exhibits, particularly with the implementation of ICT in a museum visiting context.  
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Figure 1.1 : The utilisation of the Rasch model and the IRT, and the individual cognitive 
preferences in determining the cognitive performance 
 
 
1.5 Research Questions 
 
Based on the research objective, the following research question was devised to guide the 
research study:  
 
Does the interaction of a museum’s instructional strategies and a learner’s 
cognitive preferences affect the development of their experiential museum 
learning? 
 
To answer the research question, the study provides evidence guided by the following sub-
research questions: 
 
Sub-RQ1:  
What was the learning performance of learners with different cognitive preferences in 
their museum learning experiences? 
 
Sub-RQ2:  
How does the interaction of the museum’s instructional strategies that involve ICT 
media tools and a learner’s cognitive preferences affect the development of their 
experiential learning?  
Cognitive performances 
Person ability Item difficulty 
Individual cognitive 
preferences 
Rasch model 
and the IRT 
Cognitive styles 
construct - CSA 
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As it is necessary to see the effect of each independent variable on the learning performance, 
the first sub-research questions were formulated to provide the evidence of whether the 
instructional strategies affect the learning performance of participants with different cognitive 
preferences; in order to achieve the overall purpose of the study. Finally, the second sub-
research question was formulated to conclude the analysis of the interactive effects between 
the instructional strategies and cognitive preference on museum learning experiences. 
 
1.6 Assumptions 
 
For the purpose of this study, the following assumptions were made: 
i. that learning occurs in both treatments; the web-based museum's 
instructional strategies and physical museum's instructional strategies; 
and  
ii. that the participants were not cheating in both the pretest and the posttest. 
 
1.7 Limitations 
 
Several limitations were inherent in this study: 
i. The data collected utilised the content of the “Dinosaur Walk” exhibition 
(in the Melbourne Museum) in which a setting might have been different 
as compared to other exhibitions in the museum; 
ii. The data collected were based on convenient samples and may not 
represent the broader population as a whole; and  
iii. The findings in this study were limited to the City of Melbourne, situated 
in the Victorian State of Australia, and may not be generalised to another 
population outside this defined geographical scope. 
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1.8 Contribution of the thesis 
This study contributes to the body of knowledge which covers the field of human cognitive 
processing, instructional design, human-computer interaction (HCI), a museum as an informal 
learning context and the research methodology. The specific contribution of this study can be 
categorised into theoretical, functional, and practical contributions. 
 
The findings propose that the instructional strategies (either in the web-based or physical 
museum exhibits) should be designed with consideration for a learners’ cognitive preferences. 
It is suggestive that instructional material seems more beneficial when it matches the learner’s 
cognitive preference, particularly for those with lower prior domain knowledge. Concerning 
HCI and multimedia learning, quality materials with an appropriate verbal-visual design that 
meets the usability are among the challenges designers have to consider; of particular interest 
in designing instructional materials and strategies to occupy the various new engaging 
learning platforms.  
 
Concerning using the museum as an informal learning context; the findings will provide the 
museum’s instructional exhibit designers and educators essential understandings for 
designing their online/web-based instructional strategies; as well as for the traditional 
museum exhibits towards enhancing the museum-visitation learning experiences. 
Furthermore, these research outcomes can be utilised by others in designing high-quality 
multimedia learning environments; for instance, to design personalised digital learning 
experiences.  
 
Lastly, the research also contributes in terms of adding the research methodology to suggest 
powerful measurement tools that can assess the effectiveness of the museum’s instructional 
exhibit strategies. This research employed a probabilistic Rasch measurement model. The 
Quest Interactive Test Analysis System (Adams & Khoo, 1996) was used to generate estimates 
that showed if the data ‘fit’ the Rasch model hence were valid. The Rasch model also allows 
parallel observation on the person ability and the assessment-items’ difficulty to provide 
powerful cognitive performance measurement.  
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In addition, the research also devised assessment instruments (consisting of a pretest and 
posttest assessment instruments) to measure the Dinosaur Walk museum-learning 
performances. These assessment instruments were calibrated and validated using the Rasch 
model and IRT. 
 
1.9 An orientation to the design and implementation of the study 
The research design orientation and implementation of the research study summarised and 
depicted in Figure 1.2. The objective of each research phase identified with the activities 
determined to fulfil the expected research phase deliverable(s). As depicted in the diagram, 
each of the three research phases were to achieve the research objectives. The detailed 
explanation of the research phases is given in Chapter 4 research methodology. 
 
Figure 1.2 : The overall orientation and implementation of the research study 
 
 
 
 
 
SubRQ1 
SubRQ2 
Introduction 
13 
1.10 Organization of the thesis 
 
 
The outline of the thesis chapters is presented below: 
1 Overview 
This chapter presents a thesis overview, including background and study rationale; 
the research questions as well as an orientation to the research design and 
methodology. Assumptions and limitations, as well as the contribution of the research 
study, is also included. 
2 Literature Review and Conceptual Framework 
This chapter presents the key concepts that form the theoretical framework that 
guided this study and the review of the literature surrounding the key concepts and 
HCI issues which supports the importance of this study. This work includes a critical 
review of previous studies related to the research questions. The chapter also 
includes contributions from the museum literature that stimulated the research 
problem, which is then followed by discussions relevant to the research study.  
3 Research Design  
This chapter discusses the various research designs that could have been 
implemented in this study. The chapter discusses the rationale of why the quasi-
experimental design was the most appropriate design to be employed.  
4 Research Methodology 
This chapter explains in detail the methodology of the study based on the chosen 
research design (discussed in Chapter 3). Discussions include the execution of the 
research phases. This discourse includes the test-item instrument construction 
process; the testing instrument calibration experiment (the validity and reliability 
testing of the assessment instruments and the research plan/schedule) as well as the 
main experiment (to answer the research questions).   
5 Calibration Study: Testing Instrument Validation  
This chapter discusses the calibration experiment conducted to validate the test 
instruments. The Quest Interactive Test Analysis System's data estimate analysis is 
presented and discussed to show the validity of the instrumentation. This analysis is 
presented for both the pretest and the posttest that was then utilised in the main 
experiment. 
6 Main Study: Analysis and Result  
This chapter presents the analysis of the main experiment whereby the Quest 
estimate analysis is discussed based on the pretest and posttest performances. 
Furthermore, the discourse continues with the results of the cognitive performances 
and finalised with a discussion on the interactive effect of both independent variables 
(cognitive style and instructional mode)  
7 Discussion and Conclusion 
This final chapter provides a discussion on the results of the research study and 
concludes the overall research outcome for this thesis. 
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1.11 Summary 
 
This study intended to investigate the interactive effects of the museum-visit instructional 
strategy (as the informal learning context) by looking at both the web-based and physical 
museum-visit instructional formats and cognitive preferences in the museum experiential 
learning. To do so, the Dinosaur Walk exhibition in the Melbourne Museum was chosen to set 
the context of the investigation. This thesis examined the learning performances of students 
with different cognitive preferences in their museum learning experiences; and whether there 
were interactive effects of their cognitive preferences on their museum learning 
performances. The following chapter will review the literature and discuss the core concepts 
underlying the research study and presents the conceptual framework guiding the research 
study.  
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2 Chapter 2 : Literature Review & Conceptual Framework 
2.1 Overview 
This chapter commences with an overview of the core concepts of cognitive styles and 
multimedia learning that forms the framework underlying the research study. The chapter 
also discusses the concepts of instructional strategies that integrate human cognition and 
multimedia learning concepts. Furthermore, the chapter includes a description of the museum 
learning environment that set the research context for the investigation. 
2.2 Defining core concepts and terminology 
This section discusses the core concepts used in the thesis. These core concepts will be 
discussed in order to formulate the theoretical framework or knowledge domains that guided 
the research study. 
The concepts are: 
• cognitive style construct and learning styles; 
• multimedia learning; and 
• instructional design.  
2.2.1 Introduction to cognitive style 
Research focusing on individual differences in the educational domain usually considers 
individuals' cognitive aspects; namely cognitive style (Riding & Cheema, 1991) or learning 
styles (Kolbs, 1984). Some of the researchers use the term interchangeably (Cools & Bellens, 
2012; Cassidy, 2004; Pask, 1976) and some assert that the two are different in their overall 
conceptual position (Ali, Bakar & Akhtar, 2014; Riding & Rayner, 2007; Kozhevnikov, 2007). 
Jonassen and Grabowski (1993) argued that cognitive styles and learning styles were different 
in the sense that “combinations of mental abilities comprises cognitive controls. These, in turn, 
define cognitive styles at a more general level, which define learning styles at the most general 
level” (Jonassen & Grabowski, 1993 pp.49).  
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Furthermore, Romanelli, Bird & Ryan (2009) defined learning styles as “characteristic 
cognitive, effective, and psychological behaviours that serve as relatively stable indicators of 
how learners perceive, interact with, and respond to the learning environment” (Romanelli, 
Bird & Ryan ,2009 pp. 1), whereas Cuevas (2015) refers learning styles “to the concept that 
different people prefer to process information in different ways and therefore learn more 
effectively when they receive instruction in a way that conforms to their preferences” (Cuevas, 
2015 pp.309). Furthermore, McLoughlin (1999) defined the different terminologies used in 
defining learning styles as depicted in Table 2.1.  
 
Table 2.1: Definition of similar terms relating to learning style (McLoughlin, 1999 pp.224) 
Term Explanation 
Learning preference  Favouring one method of teacher over another 
Learning strategy Adopting a plan action in the acquisition of knowledge, skills or attitudes 
Learning style Adopting a habitual and distinct mode of acquiring knowledge 
Cognitive strategy  Adopting a plan of action in the process of organising and processing information 
Cognitive style A systematic and habitual mode of organising and processing information. 
 
 
Messick (1984) defined cognitive styles as “characteristic self-consistencies in information 
processing that develop in congenial ways around underlying personal trends “ (Messick, 1984 
pp. 61); while learning style constructs refers to individual differences in the process of 
learning rather than within the learner themselves (Riding & Rayner, 1998). Additionally, 
Riding and Rayner categorised learning styles into four style groups based on (i) the learning 
process; (ii) orientation to study; (iii) instructional preferences and (iv) cognitive skills and 
learning strategy development. They also expand the constructs by explaining the differences 
between styles and strategies. They argue that strategies are the different approaches or ways 
which could be used depending on the situation and tasks; strategies could change over time, 
be learned and developed, but styles remain static features of the individual (Riding & Rayner, 
1998; Riding & Cheema, 1991).  
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Cognitive style is a human psychological dimension that was integrally linked to a person’s 
cognitive system (Peterson, Rayner & Armstrong, 2009). Therefore, it could be accepted that 
each individual’s cognitive style preference is unique and likely to be a fixed aspect of an 
individual’s cognitive functioning (Riding & Rayner, 1998; Sadler-Smith & Riding, 1999) which 
assumes that an individual will learn differently and that these differences are identifiable and 
quantifiable (McEwan & Reynolds, 2007). As such, cognitive preferences are understood to be 
an individual's preferred and habitual approach to organising and representing the 
information they receive. Cognitive preferences provide an extensive and more functional 
characterisation of students than could be derived from intellective abilities (Messick, 1984). 
As such, researchers have attempted to substantiate the promises of cognitive preference 
outcomes to enhance the expected educational outcomes. In doing so, Messick (1984) listed 
the six educational impact that cognitive styles should include: (i) improving the instructional 
methods by providing a foundation to guide the appropriate presentation (delivery) mode; (ii) 
providing the opportunity to understand better students’ way of thinking (information 
processing) which may help to broaden the educational goals and outcomes; (iii) enhancing 
students learning and thinking strategies; (iv) enriching teacher behaviour and conceptions; 
(v) expanding guidance and vocational decision making and finally (vi) tuning the stylistic 
demands of learning environments.  
 
On the other hand, learning styles has also become an important agenda in much educational 
research (Ali, Bakar & Akhtar, 2014; Kozhevnikov, 2007; Cassidy, 2004). Kolb and Kolb (2005) 
theorised learning style as “individual differences in learning based on the learners’ preference 
for employing different phases of the learning cycle” (Kolb & Kolb, 2005 pp. 195). There are 
quite a few learning styles theories, yet Kolb’s Learning Style construct has been widely used 
in research (Cuevas, 2015). Kolb’s learning style construct consists of two dimensions: i) 
perceiving which described concrete and abstract thinking, and ii) processing which reflect the 
information-processing activity whereby both dimensions become the foundation that forms 
the model to describe further four types of learning styles: divergers, convergers, assimilators 
and accommodators (Kolb, 1984). Despite being prominently utilised in educational research, 
this learning style construct did receive criticism and argument from scholars (see: Cuevas, 
2015; Ali, Bakar & Akhtar, 2014; Kozhevnikov, 2007).  
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The in-depth constructs of learning styles and learning strategies will not be discussed further 
in this thesis; since the construct does not fit the research objective, which was to investigate 
the interactive effects between students’ cognitive preferences and the museum instructional 
formats. Whereby, the focus was to investigate the relationship of the students’ information 
processing mode preferences with the museum exhibits’ information representation or 
instructional format they received (web-based and physical museum-visit).  
Apart from the earlier argumentation, one cannot deny the contribution of Piaget’s theory of 
children’s cognitive development. Piaget’s theory consists of three basic components: i) 
schemas (a building block of knowledge; ii) adaptation processes (which enable the transition 
from one stage to another – equilibrium, assimilation, and accommodation) and iii) stages of 
cognitive development. The stages of cognitive development are further categorised 
subsequently into sensorimotor, preoperational, concrete operational and finally formal 
operational. The theory viewed intellectual growth as “progressive reorganisation of mental 
processes as a result of biological maturation and environmental experience” (McLeod, 2018, 
pp. 2). Hence, it does not apply to the research objective that focuses on the improvement of 
knowledge based on the children's preferences towards their information processing.  
 
2.2.2 Cognitive style  
Cognitive styles are implicated in how individuals perceive and 
interact with learning environment to shape both their own 
brains and their learning environments (Evans, 2018 pp. 75).   
Sternberg and Grigorenko (1997) classify cognitive styles into three major categories: 
cognition-centred, personality-centred and activity-centred approach. Witkin, Oltman, Raskin 
and Karp, (1971) in Sternberg and Grigorenko (1997) defined the first approach, the cognition-
centred as “the characteristic, self-consistent modes of functioning which individuals show in 
their perceptual and intellectual activities” which usually measured based on the maximum 
performance test. Furthermore, Sternberg and Grigorenko (1997) asserted that the 
personality-centred approach is closer to personality traits was measured using typical 
performance test, whereas the activity-centred approach is theorised on learning and 
teaching style. The cognition-centred approach anticipated further development of cognitive 
styles research.  
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This cognition-centred approach was further organised into three models or labels (Riding & 
Cheema, 1991; Rayner & Riding, 1997; Riding & Rayner, 1998): 
• Relate principally to the cognitive organisation – Wholist-Analytic style 
• Relate principally to mental representation – Verbal-Imagery style 
• Reflect a deliberate attempt to integrate both dimensions of the Wholist-Analytic and 
Verbal-Imagery 
 
The following Table 2.2 list key work reflecting the cognition-centred approach:  
Table 2.2: Descriptions of styles dimension (Riding & Rayner, 1998 pp. 20) 
The Wholist-Analytic dimension 
Field-dependency-
independency  
Individual dependency on a perceptual field when 
analysing a structure or form which is part of the field 
Witkin and Asch (1948); 
Witkin (1964);  
Witkin et al. (1971, 1977) 
Levelling-sharpening A tendency to assimilate detail rapidly and lose detail 
or emphasise detail and changes in new information 
Klien (1954);  
Gardner et al. (1959) 
Impulsivity-
reflectiveness 
A tendency for quick as against a deliberate response Kagan et al. (1964);  
Kagan (1966) 
Converging-diverging 
thinking 
Narrow, focused, logical, deductive thinking rather 
than broad, open-ended, associational thinking to 
solve problems 
Guildford (1967);  
Hudson (1966, 1968) 
Holist-serialist thinking The tendency to work through learning tasks or 
problem-solving incrementally or globally and 
assimilate detail. 
Pask and Scott (1972);  
Pask (1976) 
Concrete sequential/ 
Concrete random/ 
Abstract sequential/ 
Abstract random 
The learner learns through experience concrete and 
abstraction either randomly or sequentially 
Gregorc (1982) 
Assimilator-explorer Individual preferences for seeking familiarity or 
novelty in the process of problem-solving and 
creativity. 
Kauffman (1989) 
Adaptors-innovators Adaptors prefer conventional, established procedures 
and innovators restructuring or new perspectives in 
problem-solving. 
Kirton (1976, 1987) 
Reasoning-intuitive 
active-contemplative 
Preference for developing understanding through 
reasoning and or by spontaneity or insight and 
learning activity which allows active participation or 
passive reflection.  
Allison and Hayes (1996) 
The Verbal-Imagery dimension 
Abstract versus 
concrete thinker 
Preferred level ad capacity of abstraction Harvey et al. (1961) 
Verbaliser-visualiser The extent to which verbal or visual strategies are 
used to represent knowledge and thinking. 
Paivio (1971);  
Riding and Taylor (1976);  
Richardson (1977); Riding 
and Calvey (1981) 
Integration of the Wholist-Analytic and Verbal-Imagery dimensions 
Wholist-Analytic, 
Verbal-Imagery 
A tendency for an individual to process information in 
parts or as a whole and think in words or pictures 
Riding (1991); 
Rding and Cheema 
(1991); 
Riding and Rayner (1995) 
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Since both Wholist-Analytic and Verbal-Imagery dimensions have their strengths in explaining 
and detailing human cognitive aspects, Riding and Cheema (1991) proposed integration of 
both styles as necessary in structuring the way people process information either as a whole 
or in parts and secondly, representing information or thinking either in words or picture.  
Nevertheless, Sadler-Smith and Riding (1999) maintained that the cognitive style preferences 
depicted as information processing and thinking mode were orthogonal dimensions and were 
considered as independent continuums. The following sections will discuss further on this 
cognitive style model. 
 
2.2.3 Riding and Cheema (1991) Cognitive style 
Since both Wholist-Analytic and Verbal-Imagery dimensions have their own strengths in 
explaining and detailing human cognitive aspects, Riding and Cheema (1991) proposed 
integration of both styles as necessary in structuring the way people process information 
either as a whole or in parts and secondly, representing information or thinking either in words 
or picture. Nevertheless, Sadler-Smith and Riding (1999) maintained that the cognitive style 
preferences depicted as information processing and thinking mode were orthogonal 
dimensions and considered as independent continuums. The following sections will discuss 
further on this cognitive style model. 
 
Wholist-Analytic dimension   There is a vast amount of literature that discusses the 
differences in how human beings process information. Over the years, there have been 
numbers of models and human-dimensions that have described cognitive style. Various terms 
have been used by well-known researchers to describe cognitive styles. Riding and Cheema 
(1991) argue that, despite these various names, they appear to be measuring the same thing. 
Consequently, they condense earlier researchers’ style constructs into two families (or 
dimensions) of cognitive preference (Table 2.3) which is still one of the most useful models for 
explaining cognitive differences in recent years and Table 2.4 depicts the categorisation of the 
previous cognitive labels into Wholist and Analytic dimension as proposed by Riding and 
Cheema (1991). 
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Table 2.3: Well-known research terms for humans’ information processing 
(McKay,  2000 pp.120) 
Terms describing cognitive differences Researchers 
Levellers-Sharpeners Holzman & Klein (1954) 
Field dependence-Field independence Witkin, Dyke, Patterson, Goodman & Kemp (1962) 
Impulsive-Reflective Kagan (1965) 
Divergers-Convergers Guilford (1967) 
Holists-Serialists Pask & Scott (1972) 
Wholist-Analytic Riding & Cheema ( 1991) 
 
 
Table 2.4: Previous cognitive style labels (Riding & Cheema, 1991 pp. 205) 
Wholists Analytics 
Field dependence Field independence 
Impulsive Reflective 
Levellers Sharpeners 
Divergers Convergers 
Holists Serialists 
 
According to Riding and Rayner (1998) because the Wholist-Analytic dimension is inherent, 
each individual’s cognitive style preference is unique and therefore is likely to be a fixed aspect 
of an individual’s (cognitive) functioning (Riding & Rayner, 1998, Sadler-Smith & Riding, 1999). 
This cognitive-dimension operates within the actual organisation and structure of the 
information received by the individual, which is either organised as wholes or as parts and 
thereby affects the preference for instructional delivery method, media and learning 
performance (Sadler-Smith & Riding, 1999). Wholists typically view ideas as wholes and are 
unlikely to be able to separate the information they receive into smaller parts. In contrast, 
analytics prefer to process information in parts and find it difficult to incorporate smaller 
pieces of information into a whole entity. Within the Wholist-Analytic dimension, individuals 
may perform at their best, given the appropriate structure of information, respectively. This 
dimension works within the actual organisation and structure of the information, either 
organised as wholes or parts and therefore affecting the preference for instructional delivery 
method, media and learning performance (Sadler-Smith and Riding, 1999). 
 
Verbal-imagery dimension  The other cognitive preference dimension, which continues to 
stimulate research in education, is the Verbaliser–Imager dimension. The first Verbal-Visual 
model was introduced by Allan Paivio in 1971. In that model, he proposed a Verbal and a Visual 
cognitive system as the two components of the Verbal-Imagery dimension of cognitive styles 
(Paivio, 1971).  
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The Verbal-Imagery dimension denotes an individual’s thinking mode of the information 
people are receiving and may change according to the task at hand (Riding & Rayner, 1998). 
Since the Verbal-Imagery dimension interacts with the way information is presented, for 
example in text, images and diagrams; it is anticipated that an individual with a verbal 
preference for that task will perform better given a textual information piece, rather than an 
image (Sadler-Smith & Riding, 1999). Moreover, Verbalisers may work better with verbal 
information, whereas imagers may work better with spatial information (Graff, 2003; Riding & 
Rayner, 1998). However, the idea that an individual possesses strength only for a particular 
dimension (verbal or visual) has been challenged by Antonietti and Giorgetti (1998). They 
demonstrated that the verbal and visual dimension is independent; thus, there was a 
possibility for an individual to be strong or weak in both dimensions (McEwan & Reynolds, 
2007). A more recent finding in neuroscience study also confirmed that the verbal-visual 
dimension was anatomically and functionally independent (Kraemer, Rosenberg & Thompson-
Schill, 2009). New development in the verbal-visual cognitive styles literature suggests that 
instead of being bipolar, the verbal-visual dimension is 3-dimensional, as research by 
Kozhevnikov and colleagues proposed that a visual system could further be categorised into 
two: (i) object and (ii) spatial dimension (Kozhevnikov, Kosslyn & Shephard et al., 2005). In this 
case, they suggest that the object and spatial visualisers process mental images differently 
whereby the object visualisers tend to process holistically and the spatial visualisers process 
analytically.  
 
Nevertheless, from the educational research literature contributions, it can be identified that 
all verbal-visual cognitive preference studies focus on two bodies of knowledge (McEwan & 
Reynolds, 2007). The first investigated the effects of students’ cognitive preferences on their 
ability to learn from different types of material (for example Grimley, 2007; Mendelson & 
Thorson, 2004) and the second tended to focus on the effect on success when students choose 
or given learning material that matches their cognitive preference (for example: Atkinson, 
2004; Riding & Read, 1996). From this assumption, it may be concluded that students’ 
cognitive preferences do have an impact on learning in specific environments.  
Individual cognitive preferences construct  The Riding and Cheema (1991) cognitive style 
construct can be illustrated as seen in Figure 2.1: Styles construct (Riding & Cheema 1991). 
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Based on this construct, individual cognitive preference is derived from the two dimensions: 
Wholist-Analytic and Verbal-Imagery. Hence, a person’s cognitive style is anticipated to fall 
into one of the following categories:  
• Wholist-Verbaliser;  
• Wholist-Imager;  
• Analytic-Verbaliser; and 
• Analytic-Imager; 
 
 
Figure 2.1 : Styles construct (Riding & Cheema 1991) 
 
Based on observed behaviour choices (Riding & Rayner, 1998), each of the four style groups 
may have different basic preferences for mode of instruction. As an example, learners who are 
from the Analytic-Verbaliser category may prefer text in contrast to those Analytic-Imagers 
who may perform better given a captioned picture or diagram (McKay, 2000a). This feature is 
depicted in Figure 2.2. 
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Figure 2.2 : Possible preferred modes of expression (Riding & Rayner, 1998 pp. 156) 
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However, there is a need for further systematic investigation (Riding & Rayner, 1998) as online 
learning may be highly influenced by the conditions (the ICT media) of the learning 
environment (Berry, 2000), which can be further elaborated through the lens of instructional 
design theories. This study utilised the two dimensions of cognitive styles construct as 
proposed by Riding and Cheema (1991), which are the Wholist-Analytic and the Verbaliser-
Imager dimensions. In this study, computerised Cognitive Styles Analysis (CSA) tool (Riding, 
1991) was used to assess individual participants’ position on the continuum of the cognitive 
styles of Wholist-Analytic and Verbal-Imagery. Details of the digital CSA tool will be discussed 
in Chapter 4 in the Research Instruments section 4.6.1. 
  
Based on the argument above on individual cognitive style, it is important to note that the 
way information is represented may influence how individuals attend to appropriate pieces 
of information (Kolloffel et al., 2009; Mendelson & Thorson, 2004). This recognition is further 
confirmed by Mayer and Moreno’s cognitive theory of multimedia learning. With the 
enhancement of ICT media technology, the utilisation of multimedia information has now 
become commonplace in our daily life. The next section will elaborate more on multimedia 
learning and why theories on individual cognitive preferences can be integrated successfully 
with theories of multimedia learning.   
 
2.2.4 Multimedia learning 
 
In many literature contributions, multimedia is defined as using, involving or encompassing 
several media tools or merely referring to the use of a combination of media tools such as 
sound, graphical images, animation, video or as simple as text. As multimedia or the 
combination of media has been used widely in the educational context, sometimes people 
tend to be confused with the different terms defining the concept of multimedia learning. The 
term multimedia itself has been defined differently. Nevertheless, Mayers (2009) define 
multimedia learning as learning from words and pictures while referring multimedia 
instruction as the presentation of material using both words and pictures with the intention 
to promote learning. The following Table 2.5 as adopted from (Mayer, 2014) defines the 
following terms pertaining to multimedia learning.  
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Table 2.5: Definitions of terms concerning multimedia learning (Mayer, 2014 pp. 2) 
 
  
 
 
 
 
As presented in Table 2.5, Mayer’s definition of multimedia merely refers to: the use of the 
verbal media element such as text and spoken text (audio) to represent words, and the visual 
media elements such as photos as well as animation and video to represent pictures. The 
Oxford Advanced Learner’s Dictionary describes multimedia from two different views: (i) the 
use of sound, pictures and film in addition to text on the screen as in computing point of view; 
and (ii) using several different ways of giving information or several different materials as in 
teaching and art. Additionally, other definitions or description of multimedia also include 
interactivity as one of the key multimedia elements. Furthermore, multimedia uses more than 
one medium of expression or (human) communication technique to promote learning,  and 
to do this; it is proposed here that properly designed multimedia instructions should be in 
place (Mayer, 2009).  
 
For many years, research has suggested that people learn better from words and pictures than 
from words alone. Schnotz and Lowe (2003) described multimedia as the combination of 
multiple technical resources to present information represented in multiple formats via 
multiple sensory modalities, and further proposed three different levels of multimedia 
resources: a technical level (such as devices), a semiotic level (representational formats such 
as text, pictures and sounds) and thirdly, the sensory level (the visual or auditory modality). 
Consequently, this has been affirmed by Mayer (2009) who suggested that multimedia 
instructions to be on these two formats; verbal and pictorial and further proposed that these 
multimedia instruction can be designed based on two different approaches (Mayer, 2002; 
Mayer, 2009). First, by implementing the technology-centred approach whereby the 
multimedia instructional messages can be incorporated with the technological capabilities 
with the goal to provide access to information.  
Term Definition 
Multimedia Presenting words (such as printed text or spoken text) and pictures (such as illustrations, photos, animation, or video) 
Multimedia 
learning Building mental representations from words and pictures 
Multimedia 
instruction 
Presenting words and pictures that are intended to promote 
learning 
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The second approach is learner-centred which focuses on understanding how human 
cognition works in order to identify the best way multimedia can aid to enhance learning.   
 
On the other hand, Mayer also used different terms to explain what he described as the 
multimedia message or presentation: a presentation mode view, a sensory modality view and 
a delivery multimedia view as presented in Table 2.6.  
 
Table 2.6: Three Views of Multimedia Presentation (Mayer, 2009; pp. 10) 
View Definition Example 
Delivery media Two or more devices Computer screen and amplified speakers; projector and lecturer’s voice 
Presentation mode Verbal and pictorial representations 
On-screen text and animation; printed 
text and illustrations 
Sensory modality Auditory and visual senses 
Narration and animation; lecture and 
slides 
 
 
The multimedia message signifies the way multimedia instruction being presented with an 
intention to foster learning. Based on that argumentation he then proposed a model which 
described that the expected multimedia learning outcomes are a result of the interaction 
between (i) multimedia presentation, (ii) multimedia instruction and (iii) the metaphors of 
multimedia learning which I have consolidated into a diagram as illustrated in Figure 2.3.  
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Figure 2.3 : The consolidated model of multimedia learning as suggested by Mayer (2009) 
 
Based on the consolidated model, multimedia learning strategies are designed for targeting 
three different pedagogical purposes in facilitating three different learning stages: 
information acquisition, response strengthening and, knowledge construction. The 
information-acquisition view describes the learning process, whereby it involves adding 
information to the learner’s memory. Within this view, the learners are considered passive; 
merely receiving information delivered by the multimedia. In doing so; triggers questions such 
as what does the learner gain from the learning process when the multimedia presentation 
goals are focussed towards building a strong mental structure.  
 
On the other hand, the response strengthening view conceives multimedia to act as a 
reinforcer that helps the learner to strengthen what they already know. The knowledge 
construction views conceived multimedia learning as a sense-making activity with learner 
need to actively build up their mental model from the multimedia presentation. In this view, 
it is more personal since the learning responsibility lies on the learner with facilitation from 
the teacher and aids from a multimedia presentation. Therefore, Mayer (2009) favours the 
knowledge construction view as it precisely describes the vital role of multimedia in facilitating 
the learning process.  
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Nevertheless, in a bigger picture, it can be assumed that the earlier stage (information 
acquisition) can gradually move to another (finally to knowledge construction) as people build 
their mental model. More importantly, the expected learning outcome depends highly on the 
integration, as shown in Figure 2.3. The most important educational goals are knowledge 
retention denoting the ability to remember the learning material in the same way it was 
presented after some time and knowledge transfers pertaining to the ability to solve problems 
using the knowledge learned (Mayer, 2002a), like school children visiting a museum exhibit to 
enhance their learning experiences. 
 
 
Figure 2.4 : Cognitive theory of multimedia learning (Mayer, 2002 pp.61) 
 
Figure 2.4 depicts the cognitive theory of multimedia learning (CTML). The CTML model shows 
the cognitive activities where the students need to select relevant words or images, then 
organise them into a mental representation to integrate the corresponding representations 
(Mayer & Moreno, 2002). This model taps into both sides of a student’s thinking mode to 
exercise their cognitive preferences, such as the narration provides textual information, while 
the animation forces them to watch the images. Hence, it is suggested that with this duplicity 
of cognitive activity, some of the students may be forced to think about the information while 
reading the words, depending upon their CSA profile.  
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Despite the extensive work carried out by the cognitive psychology research community, it is 
proposed here that further exploration on (human beings’) information processing remains 
an important issue because of the complex cognitive processes people may use when dealing 
with advanced ICT tools (Bendall, Galpin, Marrow & Cassidy, 2016). In fact, the design of the 
multimedia (instructional) information/pedagogies (mainly when designing for educational 
purposes), should directly align with the instructional strategies identified for the specific 
context. Therefore, the following section will discuss the underlying instructional design 
principles as they pertain to the cognitive processing model (involving individual cognitive 
media preferences) adopted for the multimedia pedagogy delivery mode.  
 
2.2.5 Instructional design 
 
“Instructional design is commonly defined as a systematic procedure in which 
education and training programs are developed and composed aiming at a 
substantial improvement of learning” (Seel, Lehman, Blumschein & Podolskiy, 
2017, pp. 1) 
 
Previously, the discussion has argued that individuals will respond to different forms of 
instruction in different ways (Price, 2004; Sandler-Smith & Riding, 1999)  and this argument 
has been seconded by Jonassen and Grabowski (1993). However on the other hand, and based 
on the instructional theories, it is known that instruction must be designed based on how 
individuals learn best (Gagné et al., 1992; Laurillard, 2006), with consideration of the situation 
that accommodates the learning process (Gagné, 1985; Gagné et al., 1992). 
 
The above mentioned (classroom-type) learning mode that is held in a museum requires 
different conditions of learning. Gagné (1985) suggested that learning depends on the 
conditions which can be divided into two categories - internal and external conditions. Internal 
conditions refer to the conditions that exist within the learner while the others were described 
as external conditions that “may be deliberately arranged as aspects of instruction” (Gagné, 
1985). These conditions of learning play an important role in determining the success of 
learning process hence, both external and internal events must be aligned by ensuring that 
the design of the external condition supports the internal condition (Gagné et al., 2005).  
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Furthermore, there are two types of knowledge: declarative and procedural (Gagné, 1985). 
Declarative knowledge forms the earlier stage of learning; concerns basic factual knowledge. 
For instance, a learner has acquired declarative knowledge by being able to state facts and 
definitions, and also verbally describing concrete concept/principles. While, procedural 
knowledge is more on the ‘know-how’ and it depends highly on declarative knowledge to 
facilitate the acquisition of procedural knowledge. Therefore, the presentation of the 
instructional content should be done meaningfully (by implementing appropriate learning 
strategies) to help learners developed declarative knowledge in order to facilitate the 
acquisition of more complex procedural knowledge. 
 
On the other hand, Reigeluth and Carr-Chellman (2009) defined instruction “as anything that 
is done purposely to facilitate learning” (pp. 6).  Additionally, Reigeluth (1983) asserted that 
there were three components of instructional theory that may influence learning: conditions, 
methods and outcomes: 
 
i. conditions refer to influencing factors that affect the instructional methods 
employed in the learning event. Conditions involve the human dimensions 
and the content of the learning process;  
ii. methods are the various approaches used to achieve different learning 
outcomes under different conditions; whereby Mohamad (2012) suggests 
that  “the methods of instruction are probabilistic rather than deterministic 
by which the instruction is designed to increase the chances to achieve the 
learning goals, rather than ensuring the attainment of learning goals” (pp. 
28); and 
iii. outcomes identify the value measurement of alternative instructional 
methods under different (learning) conditions. It needs to be noted here 
that the outcomes focus on the instruction rather than on the learner. As 
McKay, Garner and Okamoto (2003) suggested, the term conditions of 
learner (in a computer-mediated context) is the combination of the 
interactive effects of an individual’s internal states (or cognitive 
preferences) and external events of the learning instructional delivery 
format.  
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Therefore, there is a strong relationship between learning and instruction (Seel, Lehman, 
Blumschein  & Podolskiy, 2017) whereby, instruction is “not to transmit knowledge to a 
passive recipient, but to structure the learner’s engagement with knowledge, practising the 
high-level cognitive skills that enable them to make that knowledge their own” (Laurillad, 
2008, pp. 527).  
 
2.3  The conceptual research framework 
 
The advancement of enhanced multimedia technologies has elevated the (online) 
instructional pedagogies to become more robust. This situation can be seen as many new 
learning opportunities have been created to fulfil the demanding needs for both the teaching 
and learning processes (Anderson, Barham & Northcote, 2013).  In creating and developing 
such an instructional environment requires detailed design attention, thus creating many 
challenges, mainly when dealing with HCI issues. The inevitable diversity of learners’ cognitive 
media preferences forces careful and detailed consideration in addressing their subsequent 
individualised instructional needs and requirements (McKay, 2018; Barefah & McKay, 2018). 
Therefore, various instructional strategies using multimedia have been adopted in affording 
more authentic learning situations (Mayer, 2018). 
 
Mayer’s (2009) prompted the community for attention to making new efforts to promote 
better learning experiences. Many voices in the literature suggest that multimedia plays an 
increasingly important role in education (Dousay & Trujillo, 2018; Park et. al, 2018). This 
circumstance is seen through the many research works that investigated multimedia usage in 
education from various perspectives, particularly within the formal educational domain such 
as in primary-level schools and/or the higher educational context. Table 2.7 presents examples 
of research work conducted within the multimedia learning with multiple aspects of 
consideration such as emotional, modality, technology and multimedia learning environment.    
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Table 2.7: Examples of research work in Multimedia Learning from different perspectives 
Perspectives Author(s) Title Research focus 
Emotional 
Stárková, Lukavský, 
Javora & Brom (2019). 
 
Anthropomorphisms in multimedia 
learning: Attract attention but do not 
enhance learning? 
Effects of 
Anthropomorphisms on 
learning 
Plass, Heidig, Hayward, 
Homer, & Um (2014).  
Emotional design in multimedia 
learning: Effects of shape and colour 
on affect and learning 
Design factors that may 
evoke positive emotions 
in learners 
Multimedia 
Modality 
Andresen, Anmarkrud, 
Øistein, Salmerón & 
Bråten (2019). 
Processing and learning from 
multiple sources: A comparative case 
study of students with dyslexia 
working in a multiple source 
multimedia context 
Learning from multiple 
resources 
Xie, Mayer, Wang & 
Zhou (2019). 
Coordinating visual and auditory 
cueing in multimedia learning. 
Using single-modality as a 
cue in multimedia lessons 
Technology 
Park, Kim, Cho & Han 
(2018) 
Adoption of multimedia technology 
for learning and gender difference 
Adoption of multimedia 
technology for online and 
blended learning 
 
Poh Sun Goh & John 
Sandars (2019) 
 
Increasing tensions in the ubiquitous 
use of technology for medical 
education.  
Benefits and 
disadvantages of 
ubiquitous technology in 
medical education 
Learning 
environment 
Dousay & Trujillo 
(2018). 
An examination of gender and 
situational interest in multimedia 
learning environments 
Gender differences in 
situational interest in an 
online, multimedia 
learning environment 
Dever & Azevedo (2019) 
Autonomy and Types of 
Informational Text Presentations in 
Game-Based Learning Environments 
Effects of varying levels 
of autonomy in game-
based learning  
 
 
Nevertheless, the literature rarely discusses any investigations that were carried out within 
the informal education context. Consequently, this research study investigated the use of 
multimedia instruction and the impact on the learning experiences within the informal 
learning environment (a museum setting). The theoretical framework underlying the research 
study is depicted in Figure 2.5.  
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Figure 2.5 : The research framework 
 
The following sections provide discourse on the museum’s ability to provide the context of 
the research study.  
 
2.4 Museum as the context of this investigation 
 
The role of museums used by people as an informal learning environment will be explained 
with emphasis on museum learning experiences as it pertains within the online museum 
visiting environment. Furthermore, to validate the importance of this research, the diversity 
of the museum visitors/audiences will also be discussed within the context of identifying a 
museum as providing enhanced learning experiences. 
 
Digital is often the first touchpoint with our museums and collections and 
we have an enormous opportunity to reach, impact and grow audiences 
online, onsite and offsite using digital channels. The development of a 
strategic audience-centred digital life has been identified as one of the key 
transformational themes for Museums Victoria.  
                                          (Bringing digital to life: MV Annual report 2017-2018) 
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2.4.1 Museum defined 
 
Museums have been well accepted as informal settings for learning (Martin, Tran & Ash, 2019; 
Black, 2005; Falk & Dierking, 1992) which foresaw innovative transformation of learning 
environments, in conjunction with a more traditional museum-visiting role. The Museums 
Australia Incorporated Constitution and Rules (adopted 3 December 1993, first revision 22 
March 2002, second revision 20 May 2008 and third revision in May 2013) set out the rules by 
which the Association operates as a defined museum: 
 
A museum helps people understand the world by using objects and ideas to 
interpret the past and present and explore the future. A museum preserves and 
researches collections, and makes objects and information accessible in actual and 
virtual environments. Museums are established in the public interest as 
permanent, not-for-profit organizations that contribute long-term value to 
communities. 
Museums Australia Constitution ( pp. 3) 
 
Following the prominent literature, the term ‘museum’ in this study includes: historic homes 
and sites, science and technology displays, nature centres, aquaria, zoos and botanical 
gardens. The primary function of a modern museum is now perceived to be on the educational 
level (Tišliar, 2017; Lončarić, Prodan & Ribarić, 2016). The use of museums in facilitating 
school-based education has been well established (Moorhouse & Dieck, 2019; Andre, Durksen 
& Volman, 2017; Black, 2005; Black, 2002; Falk & Dierking, 2002; Hein, 1998). Although the 
role of museums in supporting the formal education of the general population is usually 
associated with visits to a physical museum, the online museum environment is now playing 
an essential part in providing more information to people as well as further enriching their 
life-long learning experiences (Grincheva, 2014). This advance is demonstrated by the 
increasing number of visitors to online museums. For example, Museum Victoria, in their 
2017-2018 annual report, recorded 5,192,921 visits to their website, which have 
outnumbered the 2,869,820 physical visits. This figure has shown an increase of nearly one 
million website visits compared to the last ten years that were recorded at 4,216,913 visits. 
With such a notable increase, the potential to promote this type of learning environment has 
become an influential agenda for many museums around the world (Museum Victoria, 2017; 
Cuno, 2015; Copeland, 2006). 
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Witcomb (2007) used the term New Museum, which considered the adoption of multimedia 
in museum exhibitions (Witcomb, 2007). However, as museums grow, and with the advent of 
ICT exhibiting tools, museums are taking advantage of utilising these technological tools for 
more than recording their collections into electronic databases or embedding the exhibition 
itself as an ICT artefact. Instead, museums can now play more critical roles in enhancing and 
facilitating the process of learning through the use of the newest ICT media tools such as 
digitisation technology (Holewa, 2017) not only offer new learning opportunities (McKay, 
2003) but also enhanced the preservation and communication roles of the museum (Holewa, 
2017; Middleton & Cockrill, 2017; Grinchenva, 2014). 
 
ICT and more particularly Web-based ICT tools, promote opportunities for richer instructional 
strategies, thus offering many new opportunities to enhance the design of online learning 
environments (Williams & Harkness, 2019; Anderson, 2008). The literature collection reveals 
much interesting research which explains the unique nature and characteristics of the web-
mediated environment that provides educational advantages (Andresen et. al, 2019; Park et. 
al. 2018; Martin et al., 2007). The use of ICT tools in educational settings enriches students’ 
interactive learning experiences. This trend towards favouring web-mediated learning 
programmes has increased over the last decade and can be witnessed in the increased levels 
of user-controlled online learning environments (Anderson & Elloumi, 2004; Inglis et al., 1999; 
Jonassen et al., 1999). As a consequence, online learning is now an essential agenda for 
museums around the world which are adopting ICT tools that emphasise the use of Web-
based multi-media. These technological facilities enrich and fulfil their visitors’ learning 
experiences (Lester, 2006). Museums can now become learning institutions in their rights as 
they enhance their exhibits to leverage the opportunities offered by ICT (Giglitto et. al. 2019;  
Skydsgaard et. al., 2016; Soren, 2005; Soren & Lemelin, 2004), thereby providing a wider 
thinking space for their online visitors.  
Nevertheless, awareness of the complexities of HCI has created a new dilemma that 
challenges the design and development of content for online learning systems. Therefore, 
questions have been raised about how museums embrace the growing technology in 
enhancing their visitors’ experiences. The more important question, however, is to discover 
out how the online museum visitors’ experiences can be fulfilled, and their learning needs 
satisfied.  
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Museums worldwide, especially in countries like the United Kingdom, Canada, the USA and 
Australia, have increased their attention to the phenomenon of online museums (Walsh et. 
al., 2018; Soren & Lemelin, 2004). For example, Museum Victoria in their 2017-2018 annual 
report has outlined a few strategic initiatives to empower their visitors’ experience as depicted 
in Table 2.8 below.   
 
Table 2.8: Museum Victoria initiatives towards empowering their audience  
(Source: MV annual report 2017-2018) 
 
Strategic Objective 1: 
Museums Victoria 
provides unmissable 
experiences for all 
audiences 
Initiative 1.2 
Create innovative and engaging experiences across all sites, 
platforms and channels that fulfil our Vision and Mission, 
connect to the foundation narratives and contribute to 
Museums Victoria’s sustainability 
Initiative 1.3 Deliver unique and engaging content to audiences through Museums Victoria’s Digital Life Strategy 
Strategic Objective 2: 
Museums Victoria has the 
primary material collection 
that inspires and allows 
excellent enquiry into our 
region’s big contemporary 
and historical questions 
Initiative 2.4 Develop a Sustainable Collections Storage Strategy to address collection preservation, access and storage needs 
Initiative 2.5 
Align Museums Victoria’s current Collection Digitisation Plan to 
Museums Victoria’s Digital Life strategy and future digital 
initiatives 
 
 
Directions towards taking a learner-centric approach (Klevan & Kramer, 1999, Schaller et al., 
2007) and user-centric development (Hsi, 2003, Paterno & Mancini, 1999) in online museums 
has influenced the development of their web-based applications and online presence. 
Consequently, the process of creating and implementing impactful online learning and 
educational experiences has become a more commonplace for the museum to venture; for 
instance, Museum Victoria is now utilising digital channels to reach, impact and grow 
audiences not only for the online but also onsite and offsite. Besides, a strategic audience-
centred digital life as one of the essential transformational themes was also developed to 
deliver a number of proofs of concept digital-only experiences.   
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2.4.2 Museum in a web-mediated environment 
 
As defined by the Museums Australia Constitution (2013), virtual environments were included 
as being a ‘cognitive space’ in which the institution used to deliver pertinent exhibit artefacts’ 
information. This definition showed that since 1991 the absolute recognition and importance 
of museums to be online was known, with the interactivity potential of multimedia that was 
embedded into the museum’s visitor-activities (Schweibenz, 1998). This realisation has 
determined the prominence of the online environment in complimenting the physical 
museum (Cooper, 2008; Sumption, 2006).  
 
There is an interchangeable terminology usage for online museums that include: electronic 
museum; digital museum; hypermedia museum; meta-museum; cyberspace museum; online 
museum; web-based museum and virtual museum (Grincheva, 2014; Schweibenz, 1998). 
Nevertheless, in the literature, the last three terms are more prominent. Despite the various 
terms used, there is no technically-driven or conceptually-driven boundary delineating the 
digitally constructed museum. Having said that, for the purpose of this research study, the 
online museum refers to the digitally constructed museum in a web-mediated environment, 
which could be accessed from anywhere by anybody (the public) using any browser.  
 
The museum’s presence on the web has been seen to accommodate such functions as the 
communication, interpretation and presentation tools (Teather, 1998; Schweibenz, 1998; 
Lester, 2006). While taking advantages of the recent advancement and enhancement of the 
ICT media tools to enhance their communication and interaction; the acceptance of the online 
museum as a medium of communication and shared information has been expended to what 
Grincheva (2014 pp.2) termed as “civic laboratories” whereby museums as public spaces were 
involved in conducting constant monitoring and observation of their audiences. This 
circumstance was to support both the physical and the online museum experience, thus 
creating a new dimension to enhance their visitors' affective experience.  
 
On the one hand, the museum’s communication medium role has long been recognised (Lord, 
2007). This role can be seen not only as the process of delivering information but as delivering 
knowledge acquisition to suit the museum’s educational objectives (Tišliar, 2017).  
Literature Review & Conceptual Framework 
38 
The opportunities offered by the Web environment may provide a more extensive (cognitive) 
space for online visitors that afford their information processing (or meaning-making). In fact, 
looking at it as such a tool, the museum can also use the Web to promote increased 
community accessibility, particularly for those hindered by physical disability.   
 
While on the other hand, if the presence of web-mediated museums should be accepted as a 
transformation, the following definition by the Britannica Encyclopaedia (online) used the 
term ‘virtual museum’, describing it as: 
 
A collection of digitally recorded images, sound files, text documents, and 
other data of historical, scientific, or cultural interest that are accessed 
through electronic media. A virtual museum does not house actual objects 
and therefore lacks the permanence and unique qualities of a museum in 
the institutional definition of the term. 
                                                                The Britannica Encyclopaedia Online (2008) 
 
This definition clarifies the limited curation roles of an online museum compared with the 
extensive ones that exist in a traditional or physical museum exhibit. The definition seems to 
emphasise the management of the data (objects/artefacts) rather than concentrating on the 
crucial elements of the museum visitors’ experiences. This oversight may be due to the tension 
created by arguments which surround a museum’s online existence, which eventually 
depends on an institutional decision relating to the content and services to be offered on a 
museum’s website (Peacock & Brownbill, 2007). However, the increasing focus on the online 
environment concerning museum learning experiences (Soren, 2005; Soren & Lemelin, 2004), 
sparked much attention directed towards the opportunities afforded by ICT tools.  
 
As for interpretive opportunities, the online museum’s implementation policies offer gradual 
advancement and enhancement of the visitors' experience by providing various ways of 
supporting the process of meaning-making. However, it is quite a complicated process 
because the interpretations of the objects on exhibit rely on the museum’s curators and 
designers (Lester, 2006).  
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Furthermore, their designers need to consider factors related to the understanding of the 
museum’s visitors (Peacock & Brownbill, 2007); in order to fulfil their needs and requirements, 
while at the same time ensuring the essential quality of the knowledge from their 
interpretative (cognitive) processing.  
In agreement, Schweibenz (1998) emphasised the connectedness of the visitors to the objects 
through the interpretation process, which has an important impact for an online museum to 
take into account when designing their Web-sites. Therefore, attention should be given to the 
interpretation points as they relate very much to the effectiveness of the electronic 
presentation strategies of an online museum. 
The electronic presentation of the museum could be categorised into two entities: the services 
and the content (Peacock & Brownbill, 2007); with the utmost consideration should be given 
to the presentation of the content (the online exhibits) as it shapes the visitors’ learning 
experiences. There are many advantages for an online museum regarding their choice of 
exhibit representation media. One of these advantages is the ability of digital technology to 
clearly represent the complexity of particular objects or concepts, for example: depicting 
some scientific theories or concepts such as blood circulation. This medical phenomenon is 
very difficult to convey as a physical object. With the use of animation ICT media, the concept 
can be represented clearly and be more easily understood. The use of various media such as 
images and diagrams, audio and video or even text can assist in achieving a more fruitful 
explanation of a specific concept, which sometimes cannot be conveyed in the physical 
museum space.  
Regardless of what ICT configuration the online museum implements, its presence on the 
Internet is seen as an opportunity to enhance the museum’s role as a communication medium 
to the public (Lord, 2007), the new media advanced technology also turns the museum into a 
social and political space for their visitors (Grinchenva, 2014). The general global adoption of 
ICT media tools particularly the recent digital technologies also suggests that the 
communication, interpretation and exhibit presentation in a museum visit, is a popular 
extension of the physical museum-visit experience, which also includes the curation or 
preparation of the web-based exhibits (or online museum visit) as an autonomous museum 
counterpart (Middleton & Cockrill, 2017).  
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2.4.3 Museum learning experiences 
 
Over the years, the literature has discussed various types of learning that happens in a 
museum. Often, the idea of museum learning has been interchangeably used or referred to 
as the process of meaning-making of the museum experience (Rennie, 2015; Falk & Dierking, 
1992; Falk & Dierking, 2000; Hein, 1998). Then again learning in museums is in contrast to 
formal learning as the process resides within the visiting experiences, which take place in a 
setting without the requirements of a curriculum set and formal student attendance. As an 
informal learning environment, a museum thus affords a free-choice setting where the visiting 
experience is determined by the visitors’ locus of control (Falk & Dierking, 2002).  
Museum learning experiences have been conceptualised as the interaction of personal, social 
and physical contexts (Falk & Dierking, 2000; Falk & Dierking, 1992). Falk and Dierking (2000 
pp.11) viewed learning as “the never-ending integration and interaction of these three 
contexts over time in order to make meaning. Perhaps the best way to think of it is to view the 
personal context as moving through time; as it travels, it is constantly reshaped as it 
experiences events within the physical context, all of which are mediated by and through the 
sociocultural context”. The formulation of these three contexts has been organised and 
managed within the contextual model of learning, as illustrated in Figure 2.6.  
 
 
 
 
 
 
 
 
 
Figure 2.6 : The Contextual Model of Learning (as adapted from Falk and Dierking, 2000) 
The important point of this model is to state that learning is highly contextual. As learning is 
accepted as an active process as well as a performance outcome (Black, 2005); information 
assimilates between these three contexts and depends heavily on one’s mental 
structure/capacity (Falk & Dierking, 1992).  
Social 
context Physical 
context 
Personal 
context 
Interactive 
Experience 
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Whatever event/data that has been stored within the individual’s mental structure, might be 
interpreted in parallel as it potentially matches with existing prior knowledge, or resides as 
(unprocessed) information until it meets a situation which turns it into knowledge. This 
circumstance, therefore, suggests that cognitive psychology can offer valid techniques 
towards finding an understanding of the museum learning process (Hein, 1998).  
 
2.4.4 Considering museum audience differences  
The differences of understandings emanating from research involving human cognitive 
preferences or learning styles are well-acknowledged in the museum-learning context. For 
instance, Kolb’s theory of learning styles has been quite prominent in assisting the design of 
museum learning experiences. There are four learning styles; the divergers, who are the ’why‘ 
people, the assimilators who are concerned with ’what‘, the convergers that are more on the 
’how‘ and finally the accommodators who are concerned with what could happen (Black, 
2005). It is possible to see the characteristics of this model reflected through the various 
instructional designs within the implementation of museum exhibits purposely to assist the 
construction of their visitors’ learning experiences. However, taking a generic approach such 
as this to their instructional decisions is understandable as it is challenging to design one 
instructional programme to suit everybody (Schaller & Allison-Bunnell, 2003; Schaller et al., 
2007).  
According to Hein (1998), museums have been variously organised to suit the experiential 
learning needs as described above. Museums which are organised as didactic, have a 
sequential exhibition pedagogy design, supported by labels describing what is to be learnt 
from the exhibition. Furthermore, the exhibition will be arranged according to the topics of 
the exhibition, from simple to complex (Hein, 1998). This type of museum exhibit design 
seems to be the most appropriate for educational programmes with specified learning 
objectives.  
Also, Black (2005) has suggested, in the didactic designed approach, learning will consist of 
transmission from the teacher and absorption by the learner. Despite being the most 
convenient approach, which easily fits into the museum framework where information can be 
well structured to a suitable display, a didactic museum is highly passive from the perspective 
of the visiting audience.  
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The stimulus-response type of museum exhibit designs will have almost the same 
arrangement as the didactic with an intended order for pedagogical purposes. On the other 
hand, if the museum exhibit is designed for discovery type of learning, it should be arranged 
in such a way as to allow for exploration with various active learning modes. The didactic 
exhibit components prompt visitors to find out by themselves instead of providing direct 
information. This circumstance will lead the visitor to the true meaning and allow them to 
draw their own conclusion of the exhibition later.  
 
In contrast, constructivist museum exhibits provide no specific path to allow for various active 
learning modes. The exhibition will be presented from a range of points of view through 
various activities and experiences which will relate to the visitors with their own (previous) 
experiences. With the recent web technology, many museums seem to adopt the 
constructivist point of view to provide open-ended options for how visitors learn and 
experience through their visits, both for the physical and the online visitation.  
 
Despite the many approaches, the way individual learners process their information depends 
upon their individual mental models. Often the discussions in the literature are based on the 
differences between human cognitive preferences (Kozhevnikov, Evans & Kosslyn, 2014). 
Others indicate that information representation can be designed in two ways: for instruction 
(delivery) or learning (knowledge acquisition) (Berry, 2000; Mayer & Moreno, 2002). Mayer 
and Moreno (2002) asserted that if the learning goal was to promote knowledge 
construction/acquisition, then the design process should take the cognitive-view rather than 
an information-delivery-view. Hence, the way information is presented to the learner should 
not only deliver the information but should be designed in such a manner as to help the 
learner to process the information in meaningful ways (Inglis et al., 1999; Mayer & Moreno, 
2002; Berry, 2000) depending on an individual’s mental (information processing) model. 
2.4.5 Museum information representations 
 
It is undeniable that the use of multimedia and digital technologies provides a richer learning 
environment by offering a variety of representation formats (Holewa, 2017; Middleton & 
Cockrill, 2017). In an online or web-mediated environment, the presentations could be in 
multiple modes allowing instructions to be presented in more than one modality.  
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With the implied recognition of individual cognitive differences, it is reflected in the different 
approaches implemented in the design of online museum exhibits; with the anticipation, that 
learner may learn meaningfully. It could be seen that although there are many media options 
to represent the museum exhibits (as to cater for multiple modalities), the museum mainly 
applies both verbal (text) and visual (images) in their exhibit display techniques which is in 
accordance to what has been revealed by most of the literature (Schnotz & Bannert, 2003).  
It is important to note that the way information is represented may influence how individuals 
attend to appropriate pieces of information (Kolloffel et al., 2009; Mendelson & Thorson, 
2004) which challenge both learners and exhibit-designers. The fact that learning is highly 
influenced by the environment in which learning takes place Gagné (1985) has been reflected 
in the contextual model of museum learning (Falk & Dierking, 1992; Falk & Dierking, 2000) in 
which the role of context is emphasised, contemplating that learning is a process that occurs 
under a certain instructional conditions which vary among individuals (Gagné, 1985). 
However, it is essential to differentiate between learning and instruction, as learning theories 
explain what happens in the learner’s head while instructional theories describe the 
conditions which facilitate learning (Reigeluth, 1983). As there are extensive changes in the 
technologies available in supporting while enriching the museum-visit learning experiences, it 
could be argued that the potential of the technologies could only be realised if the design and 
use of the technologies were made from an understanding of how the museum-visitors learn 
(Laurillard, 2006). It is postulated that forms of educational media play significant roles in 
determining the success of the learning process Laurillard (2006).  
As tempting as they are, the adoption of these emerging ICT tools, particularly multimedia 
instructions, in a museum exhibit needs to be aligned with the appropriate instructional 
strategies (McKay et al., 2003) and effectively combined as they rely heavily on a well-designed 
environment to accommodate the different levels of intellectual capacity of various visitors to 
the museum (Deshpande et al., 2007).  
Instead, the focus is usually given by the museum exhibit media designers to implement an ICT 
tool with little attention given to evaluating the impact of these technologies stressing on its 
effectiveness to enrich the museum visitors’ experience. Moreover, this ISD-design process is 
unlikely to consider the differences in users’ cognitive style preferences. Systematic 
investigation measuring the effectiveness of online museum environments to facilitate 
successful learning experience is scarce; In fact, there is little consideration for differences in 
cognitive styles during the designing of the online exhibits.  
Literature Review & Conceptual Framework 
44 
It is with this background that this research study conducted an exploration of students’ 
learning experiences in an online museum environment. The research aim was to understand 
the interactive effects of the online interface access and the physical museum visit 
(information representation formats) with students’ cognitive style preferences in their 
museum learning experiences. There is still much to be discovered about how learners interact 
with the multimedia learning materials hence, exploring the learners’ individual cognitive 
preferences provide the insights of their working memory during their learning processes, 
thus allowing a better understanding of this relationship. Increasing this understanding assists 
the identification of instructional conditions that enable and facilitate rather than hinder 
learning.  
 
2.5 Summary 
 
The review of literature has shown that individual differences, namely the cognitive style 
preferences and instructional design strategies, have empirical effects on learning 
performance outcomes. On top of that, the importance of the advent of experiential 
multimedia learning emphasises the positive effects that multimodal instructional strategies 
which can be put in place to facilitate learning were also discussed. The research framework 
was formalised based on the core concepts underlying the research study. The following 
chapter will discuss the research designs appropriate to conduct the empirical work. 
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3 Chapter 3 : Research Design 
3.1 Overview 
This chapter describes the research design adopted by this study to investigate the interactive 
effects of the web-mediated museum instructional strategies and cognitive media preferences 
in museum learning experiences. The purpose of this chapter is to talk through an appropriate 
research design and then describe the specific research design adopted to underlie the data 
collection and the analysis procedure. There are alternative strategies that are used to answer 
the research inquiry; each strategy has its strengths and limitations. Creswell (2009) described 
three types of designs: qualitative, quantitative or mixed-method research design. The 
qualitative approach is meant for exploring and understanding the research participants 
through an inductive style to render the complexity of a situation, whereas the quantitative 
approach is more geared towards testing objective theories by examining relationships 
between measurable variables. Another approach combines both qualitative and quantitative 
design to elevate the strength of a study greater than either qualitative or quantitative.  
This study adopted a quantitative research design, characterised by a concern for capturing 
an individual’s information processing abilities accurately, by identifying their cognitive media 
preferences they may employ, as well as their level of prior domain knowledge related to the 
instructional concept being tested with the two types of instructional formats (implemented 
in a web-mediated museum environment or a normal classroom mode devoid of computers). 
This methodology sought to understand the interactive effects of instructional mode and 
cognitive preferences on their museum learning experience. This chapter will rationalise the 
chosen research design to support this methodology. 
The chapter is divided into five sections: 
• quantitative research design; 
• threats to internal and external validity; 
• experimental research; 
• quasi-experimental research; 
• the implemented research design; and 
• chapter summary. 
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3.2 Quantitative research design 
Quantitative research design is usually categorised into experimental design or non-
experimental design (Johnson & Christensen, 2008; Creswell, 2009). Experimental research 
designs are commonly used to determine cause and effect relationships whereby this 
approach allows the researcher to observe under controlled conditions and permits the 
researcher to systematically manipulate one or more variables to assess the effects on the 
dependent variable (Johnson & Christensen, 2008). Experimental design could be categorised 
into (i) a true experiment (also called a randomised experiment) and (ii) a quasi-experiment. 
A true experiment is the most preferred option for many researchers as it applies to random 
assignment. Random assignment affords equal opportunity for everyone to be assigned to any 
group or treatment of the research study. However, as a true experiment is not always feasible 
due to various constraints, quasi-experiments are designed to overcome the infeasibility of 
conducting a true experiment whereby a quasi-experiment promotes a lack in a random 
assignment.  
 
On the other hand, in a non-experimental design, the researcher does not have direct control 
of the independent variables or they cannot be manipulated (due to their manifestations such 
as gender) hence the evidence to support a cause and effect relationship is made without the 
direct intervention of the independent and dependent variables. There are four types of non-
experimental designs which include: descriptive; relationship (comparative or correlational); 
causal-comparative; and survey (McMillan, 2004). The descriptive design describes a 
phenomenon using statistics (such as percentage and frequency) whereas relationship, as its 
name suggests, investigates the relationship of two or more variables. Comparative designs 
investigate the relationship of one variable to another by examining differences on a 
dependent variable between two groups, while correlational designs examine the relationship 
between two or more variables. The third type of non-experimental designs are the causal-
comparative designs which could be categorised into: (i) an ex-post-facto design that 
investigates the relationship between the independent variable and the dependent variable 
in situations where it is impossible or unethical to manipulate the independent variable; and 
(ii) correlational causal-comparative studies that investigate the possible cause and effect 
relationships (McMillan, 2004).  
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Although a non-experimental design is not robust as an experimental design, it is useful in 
examining factors like knowledge, attitude, beliefs and behaviour of peoples for example in 
the health domain (Cottrell & McKenzie, 2010).  
 
In order to decide which design best suits the research context, Trochim and Donnelly (2006) 
suggested for the researcher to ask two questions: (i) is random assignment a must or not, (ii) 
is there a need for a control group or multiple measures in conducting the research. 
Eventually, if random assignment must be in place, then the research should opt for the true 
experiment. Whereas, if the research cannot apply random assignment, then the options are 
depending on either it requires a control group or multiple measures. Figure 3.1 illustrates the 
Trochim and Donnelly (2006) designs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 : Types of design as suggested by Trochim and Donnelly (2006) 
 
Due to the lack of control of the non-experimental research designs, they were deemed as 
inapplicable to this study; therefore, they will not be discussed further in this chapter. Instead, 
the experimental and quasi-experimental designs will be discussed in detail as they were 
deemed to be more relevant to this research study.  
 
A strong experimental research design is one in which the influence of 
confounding extraneous variables has been controlled…therefore is one that 
has internal validity (Johnson & Christensen, 2008 pp.309).  
 
Is random assignment used? 
YES NO 
Randomized or True 
experiment 
Is there a control group or 
multiple measures? 
Quasi-experiment Non-experiment 
YES NO 
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Furthermore, a good research design should be able to be generalised in other situations or 
other people at other times, hence possess good external validity. The validity issues of this 
research study will be discussed later in this chapter. 
 
3.3 Experimental research design  
There are lists of possible experimental research designs, and the strongest one will be the 
design that can control the influence of confounding or extraneous variable. Johnson and 
Christensen (2008) identified five (considered strong) experimental design that included: 
pretest-posttest control-group design; posttest-only control-group design; factorial design; 
and repeated-measures design. The following subsections will further discuss each design. To 
assist the understanding of this discussion, Cresswell (2009) suggested the use of the classic 
notation system provided by Campbell and Stanley (1963, pp. 6) to represent the various 
aspects of the research design. However, for this thesis, the notation has been slightly altered 
as presented in Table 3.1.  
 
Table 3.1: Notation used to represent the various aspect of research design 
Notation Represents 
X Manipulated independent variable (treatment) 
O Observation or measurement of the dependent variable (numbered according to 
the order of observation) 
R Random assignment 
 
 
 
3.3.1 Pretest-posttest control-group design 
This design compares an experimental group and a control group by measuring the changes 
in the results of the experimentation (Dimitrov & Rumrill, 2003). More importantly, in the 
pretest-posttest design, the participants are randomly assigned to the respective treatment. 
It is assumed that participants of both groups are similar in all aspects hence comparable. Both 
groups are pretested on the dependent variable before the treatment administered to the 
experimental group. Then, both groups are post-tested on the dependent variable. Figure 3.2 
illustrated the design of a pretest-posttest design (Johnson & Christensen, 2008). 
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 Pretest 
measure 
Treatment Posttest 
measure 
Experimental Group O1 XT O2 
  
 
  
Control Group O1 XC O2 
 
Figure 3.2 : Design of a pretest-posttest design (Johnson & Christensen, 2008, pp. 312). 
 
This design could be expanded to include more than one experimental group. The pretest-
posttest design is excellent in controlling major threats to internal validity, and the random 
assignment provides the best assurance to control potential bias hence frequently 
implemented in experimental research (Johnson & Christensen, 2008).    
 
3.3.2 Posttest-only control-group design 
 
The posttest-only control group design is very similar to the pretest-posttest control group 
design with omitted pretesting conditions. The random assignment of the participants allows 
comparison of both the experimental group and control group, therefore, provide control over 
threats to internal validity just like the pretest-posttest control group design. The design could 
also be expanded to compare more than one experimental group to allow analysis if 
differences exist among groups (see Figure 3.3). However, as this design relies solely on the 
posttest, concluding may be problematic particularly to determine whether the differences 
are results of the treatments or others such as instrumentation or selection. Furthermore, the 
absence of pretesting hindered the ability of this design to provide exact measurement of the 
changes due to the treatment or independent variable. Due to that reason, this design did not 
apply to the research study because the omitted pretesting would not allow for measurement 
of the effect (Johnson & Christensen, 2008; Campbell & Stanley, 1963), in this case; the 
improvement in the museum exhibit learning performance before and after the treatment. 
 
 
 
 
Sample of 
research 
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R 
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Figure 3.3 : Design of multiple groups posttest only control-group design (Johnson & 
Christensen, 2008, pp. 314). 
 
 
3.3.3 Repeated-measures design 
In a repeated-measure design, participants take part and are measured under each 
experimental treatment (Figure 3.4). Since the same participants will be used in all 
experimental conditions, less number of participants is needed as compared to a factorial 
design. Another advantage of the repeated-measure design is that the same participants 
participate in the whole experiment, therefore, eliminate the issue of a non-equate 
participant being assigned to different experimental groups. However, this becomes a 
drawback in terms of confounding influence of sequence effects (Johnson & Christensen, 
2008). Despite being a robust experimental design, the repeated-measure design is usually 
utilised when a sequencing effect is part of the study and therefore, was deemed not be 
appropriate for this research study. 
 
Group 1 X1        O  X1        O  X1        O 
      
Group 2 X2        O  X2        O  X2        O 
      
Group 3 X3        O  X3        O  X3        O 
 
Figure 3.4 : Design of repeated-measure design (Johnson & Christensen, 2008, pp. 321). 
 
 
3.3.4 Factorial design 
A factorial design is claimed to be a robust experimental design with two or more independent 
variables with at least one manipulated and simultaneously studied to determine their 
independence and interactive effects on the dependent variable (Johnson & Christensen, 
2008); in this study were the instructional performance outcome.  
 Treatment Posttest 
measure 
Experimental Group1 XT1 O2 
   
Experimental Group2 XT2 O2 
   
Experimental Group3 XT3 O2 
   
Control Group XC O2 
Sample of 
research 
participants 
R 
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This design allows observation on different levels of two or more independent variables 
simultaneously. A factorial design allows observation on the main effect whereby it refers to 
the influence of an independent variable. Moreover, it allows observation of an interaction 
effect in which the effect of one independent variable depends on the level of another 
independent variable (Johnson & Christensen, 2008). Trochim and Donnelly (2006) suggested 
that factorial design was the only effective way to investigate interactive effects.  
 
As for this study, the cognitive preferences and the museum instructional strategies were the 
independent variables under investigation. As described earlier, the cognitive preferences 
were categorised into four groups: Wholist-Imager; Wholist-Verbaliser; Analytic-Imager; and 
finally Analytic-Verbaliser. The museum instructional strategies had two categories that were 
the web-based museum instruction and the physical museum instruction. Since the objective 
of this study was to investigate the interactive effects of the independent variables on the 
dependent variable, there was an advantage to use this design.  
 
In conclusion, experimental designs offer excellent control for internal and external validity. 
However, in many cases, there is a limitation of random assignment which hinders the chances 
of using an experimental design. To overcome this problematic situation, researchers can 
adopt a quasi-experimental design that lacks the need for random assignment. 
 
3.4 Quasi-experimental design 
 
As said above, a quasi-experimental research design can be used when a random assignment 
was not possible. However, it does not provide full control of the potential for confounding 
variables. Due to that, the decision for implementing a quasi-experiment must be carefully 
planned to mitigate risks to internal validity due to the lack of random assignment. The 
important consideration when making such causal conclusions from a quasi-experiment as 
identified by Johnson and Christensen (2008) is that the study must meet the same basic 
requirements that were needed for any causal relationship by: i) the cause must co-vary with 
the effect; ii) the cause must precede effects; and iii) rival hypothesis must be implausible.  
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The discussion on quasi-experiment will proceed with the following topics: 
 
• interrupted time-series design; 
• regression-discontinuity design; and  
• non-equivalent comparison-group design. 
 
3.4.1 Interrupted time-series design 
 
Interrupted time series design is applicable in cases where only a single group of participants 
is available. The design requires multiple observations at different intervals before and after 
the treatments (Campbell & Stanley, 1966). This periodic measurement process is necessary 
to avoid the threat to internal validity from confounding variables by observing the treatment 
effect demonstrated from the discontinuity in responses before and after the treatment 
(Johnson & Christensen, 2008). The design is illustrated in Figure 3.5. 
 
Multiple Pretest Treatment Multiple Posttest 
 
O1O2O3O4O5 X1 O6O7O8O9O10 
 
Figure 3.5 : Design of repeated-measure design (Johnson & Christensen, 
2008, pp. 335) 
 
 
The interrupted time-series design was deemed as not applicable for this study as it was 
impossible to conduct multiple pretests and posttests due to time limitation of the research 
design schedule (see Appendix B-1) which describes the research management expectations. 
Consequently, only two hours could be allocated for the museum-visit and the participants 
were taken for the museum-visit only once.  
3.4.2 Regression-discontinuity design  
Regression-discontinuity design is an excellent design that allows investigation of the efficacy 
of a treatment or programme to individuals (participants) with certain predetermined criteria. 
The design works by measuring all participants based on a predetermined measure and 
assignment of participants to the treatment or control group is made based on a cut-off score; 
one side of the cut-off score to each group respectively (Johnson & Christensen, 2008). 
Regression-discontinuity design can be diagrammed as shown in Figure 3.6. 
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Experimental group Op C   X O2 
     
Control group Op C  O2 
 
Figure 3.6 : Regression-discontinuity design (Johnson & 
Christensen, 2008, pp. 338). 
 
 
Despite the regression-discontinuity, this design has been regarded as one of the strongest 
quasi-experimental designs (Campbell & Overman, 1988); yet, due to the cut-off score issue, 
this design was deemed as not applicable to this study. As the research study requires 
participants of all cognitive preferences to be assigned to either the web-based museum-visit 
(Treatment 1) or the physical museum-visit (Treatment 2), utilising a cut-off score of the 
Cognitive Styles Analysis (CSA) would have introduced imbalance of the comparison groups. 
For example, if there were only participants with particular cognitive preferences assigned to 
specific instructional treatments; those with Wholist-Imager ratio assigned to the web-based 
museum-visit (Treatment 1) and the Wholist-Verbaliser ratio participants assigned to the 
physical museum-visit (Treatment 2); hence no inference could be made towards the efficacy 
of the treatment on the participants with specific cognitive preferences.   
 
3.4.3 Non-equivalent comparison-group design 
The non-equivalent group design is the most frequently used quasi-experimental design 
(Dawson, 1997b, Johnson & Christensen, 2008) and similar to the pretest-posttest control-
group design previously discussed. The difference between both is the non-random 
assignment to the treatment and comparison group in the quasi-experimental design. This 
type of design was found to be more trustworthy and excellent in reducing threats to internal 
validity (Dawson, 1997a, Johnson & Christensen, 2008, Shadish et al., 2002). The non-
equivalent comparison-group design is illustrated in figure 3.7. Although this type of design is 
fundamentally associated with comparing the experimental and control group, it could also 
be used to compare two or more intervention groups. Figure 3.6 depicts the non-equivalent 
comparison-group design as in Johnson and Christensen (2008). 
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 Pretest 
measure 
Treatment Posttest 
measure 
Experimental group O1 X1 O2 
    
Comparison  group O1 X2 O2 
 
Figure 3.7 : Non-equivalent comparison group design (Johnson 
& Christensen, 2008, pp. 331). 
 
As compared to the true experiment, in a non-equivalent comparison-group design, 
experimental and comparison groups were carefully selected to be as comparable as possible 
before the treatment to avoid selection bias. Engel and Schutt (2005) suggested two selection 
methods which could be used:  
(i) Individual matching  
Individual matching is simple as carefully matching each individual in the treatment 
group with a similar individual in the comparison group based on a predetermined 
variable(s). For example, in the case of using a cognitive style ratio as the 
predetermined variable, a visualiser student is identified and assigned to the 
treatment, and a matching student (with similar cognitive style ratio) is assigned to 
the comparison group. However, it may not be possible to match the most 
important variable, or in a worst-case scenario, it is impossible to find any match 
for all cases (Engel & Schutt, 2005).  
 
(ii) Aggregate matching 
As for the aggregate matching, it focuses on matching the whole group rather than 
each individual based on similar key variables, such as the same average age or the 
same percentage gender (Engel & Schutt, 2005). However, it should be noted that 
individuals were not allowed to choose to be in any preferred group in this study.  
3.5 The implemented research design 
 
Testing for the interactive effects between the variables that occur during the learning process 
is complicated. Consequently, specific attention was given to the details on the expected data 
types to be collected to be able to determine a suitable approach. For this research, it was 
deemed by the researcher that the selected design should allow quantifiable observation 
before and after the treatment, aligned to the nature of the research and restrictions placed 
by the requirements of the research context.  
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The first independent variable that this research study investigated was the individual 
cognitive differences by exploring the effects of media preferences or the (inherent) way the 
participants processed their given museum exhibit information. These preferences were 
categorised into four groups: Wholist-Imager; Wholist-Verbaliser; Analytic-Imager; and 
Analytic-Verbaliser. The second independent variable was the museum exhibit format 
deemed as: web-based museum-visit (Treatment 1) and the physical museum-visit (Treatment 
2). Next, it was essential to measure the participants’ prior domain knowledge of the learning 
content before the intervention in order to be able to capture any improvement/changes after 
the learning process encountered during the museum-visit. While on the other hand, it was 
also essential to consider the contextual limitations in the museum-visit in terms of managing 
the restrictions posed by the profile of the (young) participants when deciding the most 
appropriate research design to be implemented.  
 
Thus, a three-phase quasi-experimental design combined with a non-equivalent group design 
was employed to conduct the investigation. The quasi-experimental design was found to be 
the most appropriate design for this study as it allowed for non-randomisation. The non-
randomisation fitted well with the research design whereby the participants’ assignment to 
treatment group needed to be determined based on their cognitive preferences (if the 
participants were randomly assigned to the treatment groups then only their cognitive 
preferences were identified, then the treatment group may not be comparable due to missing 
or in existence of participants of specific cognitive preference in one of the treatments group). 
This design also allowed the observation of participants’ performance outcomes based on the 
treatments. Secondly, picking the quasi-experiment design addressed the issue of the 
infeasibility of randomly assigning the participants from different schools into treatments as 
the investigation was conducted in a real setting (museum-visit and a traditional school-based 
classroom). More importantly, the quasi-experimental design offered the flexibility to explore 
the differences in participants’ performance outcomes between both treatments.  
 
The non-equivalent group design involved a comparison of two different treatment groups; 
the web-based museum-visit (Treatment 1) and the physical museum-visit (Treatment 2). In 
order to ensure that both groups were comparable, they were selected from the same eligible 
population; in this case, they were students from the same school/cohort.  
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The students were assigned to the respective treatment groups randomly based on their CSA 
ratio, denoting their cognitive preferences. For example, the first two students identified with 
similar CSA ratio was assigned to Treatment 1 and Treatment 2, respectively. This process was 
conducted for all cognitive preference groups until all students were assigned to both the 
treatment groups. Based on this process, the students were determined to be similar and 
comparable before the investigation. No control group was involved in the investigation. See 
Chapter 4 for the full description of the research treatment allocation. 
 
3.6 Summary 
 
This chapter has discussed the various research designs that could have been implemented 
for the study. Based on the discussion that also included the advantages and disadvantages, 
it was arguable why specific designs were not suitable while others were more appropriate. 
The chapter has explained the rationale for why the quasi-experimental design combined non-
equivalent group design was implemented. Details on how the quasi-experimental design was 
implemented will be discussed in Chapter 4 Research methodology. 
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4 Chapter 4 : Research Methodology 
 
4.1 Overview 
The research methodology is the framework that outlines the techniques and procedures 
implemented to investigate the relationship between the independent variables (students’ 
cognitive preferences and the museum instructional strategies) in determining the dependent 
variable (museum learning experience outcome). This chapter presents the methodology 
employed in the study. Overall there were three research phases as briefly mentioned in 
Chapter 1 (Figure 1.2): (i) the assessment item construction concerning the instrument design 
and development process; (ii) the calibration study; and (iii) the main experiment. Each phase 
was conducted following a strict procedure specifically designed to fulfil the phase 
requirements, respectively. The details of each phase will be discussed in this chapter.  
 
Since conducting a research study in a museum is considered as an informal learning 
environment particularly with primary school participants (Andre, Durksen & Volman, 2017), 
there were critical organisational factors addressed to comply with the university’s ethics 
authorisation process (Callanan, 2012). For instance; the researcher had to gain approval from 
i) the Australian Department of Education and Early Childhood (DEECD), Victoria; ii) the 
Australian Work with Children Check from Department of Justice Victoria; iii) a letter of 
approval from Melbourne Museum, and finally, iv) approval from the RMIT Human Research 
Ethics Committee (HREC) (see Appendix A-3, A-4, A-5 and A-6). The ethical considerations and 
approval processes will be explained further in section 4.6 of this chapter. Since this research 
study took place in an informal learning environment, other factors needed consideration that 
subsequently determined the implementation of the research methodology. Researching 
within an informal context such as a museum may often have different requirements as 
compared to the formal educational settings. A formal learning context is defined by a school-
based curriculum to transfer specified bodies of knowledge based on the specially designed 
curriculum.  
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This process always takes place with measured interaction between teachers and students 
within a highly structured pedagogy guided by the Australian Education Department’s rules 
and regulations. This type of formalised learning always comes with rewards at the end of the 
tuition with grades and marks awarded according to traditional assessment regimes.  
 
Unlike a formal learning context ie: a traditional face-to-face classroom, an informal learning 
environment, such as a museum, offers different learning experiences. Looking at this aspect 
from a visitor’s perspective and using the museum-visit as a learning process itself, is very 
open for interpretation without any restriction. For instance: there is no such thing as you 
must learn about this and you have to make sure you remember that and so on. Anderson, 
Storksdieck and Spock (2007) suggested that museums are visited for various reasons; some 
people visit a museum for leisure purposes, to experience something new, to join conducted 
activities or to spend quality time with family or friends and many other reasons. 
Nevertheless, in discussion with Ms Carolyn Meehan, the Manager Visitor Advocacy of the 
Melbourne Museum (at the time the research was conducted) insisted that it had become an 
obligation of the museum governance for their visitors to gain something cognitively out of 
each visit. This obligation has been affirmed by Falk and Dierking (2013) through their 
suggestions that the museum should be mindful in fulfilling the different agendas of the 
museum visitors while at the same time supporting meaningful museum learning experiences. 
Hence the museum took specific curatorship measures of their exhibits to ensure that 
learnings do take place from such museum-visits. As Black (2012) reported, finding 
out/learning is still the number one expectation (26 per cent) of a museum-visit followed by 
fun (22 per cent). Therefore, this study undertook due diligence when planning the 
methodology. Consideration was given to the university’s ethics, and Educational Department 
provisions (see Appendix A-3 and A-5) regarding how the participants were involved in the 
data collection process, including: (i) the instructional content of the museum-visit must be 
appropriate for the participants’ age group; (ii) the allocated timing of the museum-visit; (iii) 
the logistic facilities offered by the participating schools (different schools had different 
logistics’ rules, see Table 4.9); and (iv) the visit to the museum was always organised strictly 
according to gaining the parental permission for the consent form (see Appendix A-1). 
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This chapter commences by revisiting the research question to clarify the instructional 
systems design (ISD) and implementation of the research methodology, including: 
• revisiting the research question; 
• instructional system design (ISD) process; 
• operationalising variables; 
• research instruments; 
• research ethical considerations; 
• analysis tools/measurement model; 
• research validity issues;  
• Phase 1: Assessment instrument construction; 
• Phase 2: Calibration study (validity and reliability testing); 
• Phase 3: Main experiment; and 
• chapter summary. 
 
 
 
4.2 Revisiting the research questions 
 
The main research question for this study is: 
 
Does the interaction of a museum’s instructional strategies and a learner’s 
cognitive preferences affect the development of their experiential museum 
learning? 
 
Two sub-research questions guided the work towards answering the main research question 
to achieve the research objectives. The research question and sub-research questions are 
depicted in Figure 4.1. 
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Figure 4.1 : The research questions guiding the research study towards achieving the 
research objective 
 
Pertaining to the research questions, the following section will discuss the instructional system 
design (ISD) process involved in the commencement of the research phases in order to achieve 
the research objective. 
 
4.3 Instructional System Design (ISD) process 
 
The instructional systems design (ISD) process followed was based on the need for establishing 
reliable testing instrumentation to measure the learning performances of school-aged 
students during their museum-visits. Consequently, the ISD process was underpinned by 
appropriate instructional design theories that were meticulously planned, as described by 
McKay (2018). Taking this careful approach determined the feasibility of the overall work 
conducted as well as enabling a valid and reliable research methodology. Figure 4.2 illustrates 
the overall ISD design process.  
MAIN RESEARCH QUESTION 
Does the interaction of a museum’s instructional strategies and a 
learner’s cognitive preferences affect the development of their 
experiential museum learning? 
 
SUB-QUESTION 2 
How does the interaction of the museum’s 
instructional strategies that involve ICT media 
tools and a learner’s cognitive preferences affect 
the development of their experiential learning? 
 
SUB-QUESTION 1 
What was the learning performance of the 
learners with different cognitive preferences 
in their museum learning experiences? 
 
RESEARCH OBJECTIVE: 
To examine the interactive effect of cognitive styles preferences 
and instructional system design (ISD)-format (web-based museum-
visit Treatment 1) vs physical museum-visit Treatment 2) on 
cognitive performance outcomes of the museum-visit. 
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The ISD process was a synthesis of Laurillard (2008); Mayer (2009) and Seel, Lehman, 
Blumschein and Podolskiy (2017) relating to the multimedia context of the museum exhibit 
design, while the HCI issues about the children’s learning performance outcomes were 
determined by Reigeluth and Carr (2009) in terms of: the conditions of the museum-visit 
learning (museum advocacy); the instructional methods implemented (exhibit format); and 
expected outcome measurement strategies as described earlier in this thesis by McKay, 
Garner and Okamoto (2003). 
 
The initial phase of the ISD process was to identify the theoretical instructional context and to 
determine the instructional content for the research study. Therefore, the first task was to 
identify an appropriate museum exhibition. Based on the physical visit to the Melbourne 
Museum and observation of the current content of the Melbourne Museum’s website, few 
exhibits seemed appropriate and suitable to be used in the research study. Among the factors 
considered during the initial selection were: the educational nature of their instructional 
content; size of the exhibition; popularity for school visits; and the similarity of content 
between the web-based and physical exhibitions and most importantly; the exhibition must 
be a permanent exhibition to ensure that the exhibition should be maintained throughout the 
research studies.  
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Figure 4.2 : Overall Instructional System Design (ISD) process 
 
Item construction 
20-textual fill in the 
blanks questions 
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Based on the aforementioned criteria, three exhibitions were identified initially as potential 
exhibit instructional contexts: (i) The Wild; (ii) Bugs Alive; and (iii) Dinosaur Walk.  
 
 
 
Excerpt of the Wild exhibition: 
 
Our planet is home to an astonishing diversity of animal life. 
Wild features over 600 animals in a spectacular vertical 
array; many of these specimens have been in the museum’s 
collection for over a century. 
You’ll see birds, reptiles, mammals and amphibians 
displayed by biogeographic regions. Look up each animal in 
panoramic navigators to see which animals are thriving and 
which are merely surviving. 
See the wildlife of Victoria’s unique environments and learn 
what you can do to help them. Pop up next to a Malleefowl 
nest and look underwater at the Murray river’s biggest 
resident, the Murray Cod. Guide the migration of shorebirds 
over thousands of kilometres as they move between their 
feeding and nesting grounds. Sam the Koala, a symbol of the 
Black Saturday bushfires in 2009, is also on permanent 
display in Wild. 
 
 
Figure 4.3 : The Wild exhibition  
(retrieved from https://museumsvictoria.com.au/melbournemuseum/whats-on/wild/) 
 
The Wild exhibition (Figure 4.3) contained roughly 750-artefacts of animals in the physical 
museum and 56-animals on display in the exhibition. As the exhibition website seemed too 
large for this study, hence it was dismissed from the options.  
 
The next exhibition was the Bugs Alive! Exhibition (Figure 4.4) which exhibited various types 
of insects such as ants, bees, grasshopper and spiders found at home or in the wild; nice or 
dangerous, and so forth. Apart from being one of the most interesting in the museum with 
living exhibits; there was a dome that people could pop their head inside to be circulated by 
living ants. The Bugs Alive! The exhibition also offered a vast amount of additional information 
on the exhibits (insects) as well as the educational materials such as quizzes and games for 
pre/post-visits activities in the museum’s website. Since the existing materials could easily be 
adopted as the instructional content for the research study, this exhibition was initially chosen 
to set the context of the work. Nevertheless, considering there might be a possibility of 
creating entomophobia or insectophobia in the participants (https://www.fearof.net/fear-of-
bugs-and-insects-phobia-entomophobia-or-acarophobia/) such fear of insects or bugs may 
lead to a confounding variable issue that would affect the results, this content choice was also 
dismissed.  
 
Research Methodology 
64 
Further discussion with the museum staff was carried out to thoroughly investigate alternative 
museum exhibitions as possibilities for conducting the research study. In considering all 
possible pedagogical outcomes, the researcher reached a final decision to utilise the Dinosaur 
Walk exhibition (Figure 4.5) to provide a better instructional context for the research. 
 
 
 
Excerpt of the Bugs Alive! exhibition: 
 
In Bugs Alive! you’ll see, hear and smell the world of insects, 
spiders, snails and other invertebrates. Specimens fill the 
exhibition: brilliant beetles and beautiful butterflies cover 
the walls while naturalistic enclosures hold a living, thriving 
insects you can’t see captive anywhere else. You’ll learn 
about what they eat, how they breed, and how they 
contribute to ecosystems by pollinating flowers and 
decomposing waste. You can observe a colony of insects in 
their watery realm. Giant models of insect mouthparts and 
body systems show you just how intricate these little 
animals are. Or not so little: record-breakers in the Insect 
Hall of Fame represent the largest, heaviest and longest 
insects, alongside the longest-lived and most poisonous. 
 
Figure 4.4 : The Bugs Alive exhibition  
(retrieved from https://museumsvictoria.com.au/melbournemuseum/whats-on/bugs-alive/) 
 
 
 
 
 
Excerpt of the Dinosaur Walk exhibition: 
 
Skeletons of 17 prehistoric animals parade through the centre of this 
soaring exhibition: ten dinosaurs, three pterosaurs, one mammal-like 
reptile and Australian megafauna. 
Duck beneath the belly of a massive Memenchisaurus as long as a house. 
Stand eye-to-eye socket with a curious Amargasaurus while above you, 
Quetzalcoatlus flies as big as a small aeroplane. See record-breaking 
megafauna from the Ice Age such as Diprodon, the world’s largest 
marsupial, and Megalania, Australia’s largest lizard. 
Animated reconstructions show how these animals lived, fought, 
reproduced and died millions of years ago. You can touch dinosaur 
teeth to understand what they ate and feel a thigh bone from a 25-
tonne sauropod. Walk around, under and through the skeletons and 
learn about their lives from scientists who study them. 
 
Figure 4.5 : The Dinosaur Walk exhibition  
(retrieved from https://museumsvictoria.com.au/melbournemuseum/whats-on/dinosaur-walk/) 
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Justifications for choosing the Dinosaur Walk exhibition as the instructional context for the 
research study: 
• the Dinosaur Walk was a permanent exhibition which meant the exhibition 
would remain in the museum for a long time. Hence there should be no 
interruption in the conduct of the research study; 
• the number of primary school visits to the exhibition were quite extensive, 
compared with other exhibitions (showing the demand from schools for this 
exhibition); 
• the popularity of the dinosaur concept was appropriate for children within the 
selected age group of school students; and 
• the instructional content of the Dinosaur Walk exhibition was deemed 
appropriate in most of the primary school subjects covered in the school 
syllabus. For example: Science; Mathematics; English; Arts etc. Hence there 
were expected benefits for both the teachers and the children.  
 
Once the instructional context had been identified (Dinosaur Walk Exhibition), the next task 
was to specify the instructional content. To do so, further rounds of discussion were carried 
out with the museum team in order to design and test the museum-visit’s instructional 
strategies and the subsequent cognitive assessment instrumentation. Although there were 
materials such as a simple quiz and game-based tasks provided in the Dinosaur Walk exhibition 
website, the existing assessment tools were deemed unsuitable to fulfil the research study 
objectives.  
 
Therefore, the next ISD process-phase was to devise a cognitive assessment instrument to 
conduct accurate and appropriate measurement of the students' knowledge of dinosaurs. As 
depicted in Figure 4.2 earlier, this process involved the design and construction of the 
assessment test-items. Initially, 20-test-items were devised in a textual fill in the blank 
question format utilising the chosen museum instructional content. The assessment items 
were then reviewed informally with seven children within the specified age group (between 
10-12 years old). In reviewing the results of these activities, discovered that the question-type 
was not appropriate in the sense that the students found them to be ‘not catchy’ enough as 
compared to the interesting web-based instructional material. The children sounded a little 
frustrated as they told the researcher that the assessment instrument looked boring.  
Research Methodology 
66 
This observation eventually confirmed that effective learning process does not only rely on an 
excellent multimedia presentation (consisting of both verbal text and visual elements) in the 
process of information acquisition but also it needed to be utilised in materials for response 
strengthening purposes as discussed earlier in section 2.2.4. Therefore, the items were 
modified to include both textual and image-based questions. Furthermore, the format of the 
items was also revised to include multiple types of questions replacing the fill in the blank only 
question-type. The detail of this research phase will be further discussed in section 4.10.2 
Initial item review.  
 
In order to establish a reliable and valid assessment instrument, the content and language 
used in the assessment tool underwent a review process to ensure that the assessment tool 
could fulfil its objective. Based on the feedback gathered from the museum experts and the 
review of a language teacher, the assessment tool was modified accordingly. After the 
modification, the assessment tool was then tested in a pilot study to check if any adjustment 
was still needed.  
 
The pilot study was conducted to explore the feasibility of the assessment instrument in 
measuring the learning performances of the students and at the same time to evaluate the 
ability of the assessment instruments test-items to distinguish between knowledgeable and 
less knowledgeable students. Moreover, preliminary pilot testing was conducted to see the 
suitability of the chosen instructional content within the web-based exhibit of the Dinosaur 
Walk exhibition. The pilot test was conducted with 22 children from a primary school coded 
as NMP. As the main aim of this pilot test was to find out about the feasibility of the web-
based instructional content as well as the assessment instrumentation, the cognitive styles of 
the students were not measured. The conduct of the pilot study also observed the time taken 
by the student in exploring the Dinosaur Walk web-based exhibits. 
 
The pilot study revealed that the students enjoyed the session, and mostly the students took 
around 30-minutes to explore the web-based Dinosaur Walk exhibit. Moreover, one item of 
the assessment instrument needed to be adjusted or modified (as shown in Figure 4.6a). The 
puzzle type question was found to be unsuitable as it required the participants to recall the 
name of dinosaur, and did not apply any of the targeted instructional objectives.  
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Therefore, this item was removed. Furthermore, there were another two items that were 
removed as they were found to be confusing (Figure 4.6b and 4.6c) to better test the students 
on the scientific rules of the dinosaurs. The matrix explaining the instructional objectives that 
guide the development of the assessment instrument will be further discussed in Section 4.10. 
Figure 4.6a: The identified item that was deleted 
Figure 4.6b: Confusing item that was deleted 
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Figure 4.6c: Confusing item that was deleted 
The calibration and modification process of the assessment tool continued in the following 
calibration study. The calibration study was carried out with 30 students from another school. 
The purpose of the calibration study was to investigate the validity and reliability of the 
cognitive assessment instruments before the main study. The conduct of the calibration study 
identified that all items were acceptable (they all fit within the acceptable range in the Quest 
estimate) except for one item (see Chapter 5 section 5.3 for full details on item fit). This one 
item  had a perfect score; hence this item was removed from the assessment instrument for 
the commencement of the main study. The detail explanation of the process can be found in 
section 4.11 Calibration Study. The important point was to ensure that the testing 
instrumentation would offer a valid and reliable measuring tool of the expected learning 
performance outcomes. Furthermore, this instrument calibration exercise was also important 
to check the logistics of the research schedule (See Figure 4.16) and the experimental 
procedure activities (Appendix B-1).  
Finally, Phase 3, which involved the main experiment was carried out to answer the research 
questions. The main experiment used the validated assessment instrument and was also 
conducted according to the research schedule (Figure 4.16) and the experimental procedure 
activities (Appendix B-1) that determined the sequence of events.  
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The details of each research phases are to be discussed in later sections in this chapter. 
4.4 Operational variables 
The independent research variables were: (i) students’ cognitive style preferences and (ii) the 
museum-visit’s instructional exhibit strategies (web-based museum-visit – Treatment 1 and 
physical museum-visit – Treatment 2); whereas the dependent variable was defined as the 
students’ museum-visit’s learning outcomes. The resultant data were collected based on 
these variables. Table 4.1 provides the operational definition for each of the variables and 
specifies the data collected for the variables, respectively. 
Table 4.1: Operational variable definitions 
Independent 
Variables Operational definition Data collected 
Cognitive 
preferences: 
Wholist-Analytic 
Verbal-Imagery 
Cognitive Preferences refers to the two 
dimensions of cognitive styles as proposed 
by Riding (1991). 
The Wholist-Analytic is referring to a 
person’s preferred way of organising 
information and does not change.   
The Verbal-Imagery refers to the way in 
which a person represents information 
during thinking and may change according 
to the task at hand.   
The participants’ cognitive 
preferences were measured 
based on both dimensions in 
the form of a ratio (example: 
see Figure 4.17) 
This ratio was automatically 
calculated by the computer at 
the end of the CSA test. 
Instructional strategies: 
Web-based museum-visit 
(Treatment 1) 
Physical museum-visit 
(Treatment 2) 
Instructional strategies refer to the 
strategies used in delivering the multimedia 
instructions for the Dinosaur Walk 
exhibition. In this case, it was the museum 
exhibits in the online (Treatment 1) and 
physical museum (Treatment 2). 
It should be noted that the multimedia 
instructions considered for both 
instructional strategies were the 
combination of text and images. 
This data was measured by 
comparing the scores of the 
pretest and posttest. 
The learning outcome could be 
an improvement or decrement 
in the score between the 
pretest and the posttest. 
Dependent 
Variable Operational definition 
Museum-visit learning 
outcomes 
Learning outcomes refers to the differences 
in participants’ knowledge before and after 
the treatment.  
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4.5 Research instruments 
This section discusses the instruments used for the research data collection. 
4.5.1 Cognitive style analysis tool 
A research requirement was to measure the participants’ cognitive preferences; therefore, a 
suitable cognitive style assessment/measurement tool had to be identified. The first option 
that suited the research propositions was to utilise the Cognitive Style Analysis (CSA) (Riding, 
1991). As the domain of cognitive style was considered throughout the research community 
as an essential factor in understanding how human-beings process their information they 
received, the researcher was optimistic in finding other options in measuring individual 
cognitive styles.  
Surprisingly, it was very difficult to find another tool fit for this study. At the time of the study, 
the Object-Spatial Imagery and Verbal Questionnaire (OSIVQ) developed by Blazhenkova and 
Kozhevnivkov (2009) was another tool capable of affirming refinement to the Verbal-Imagery 
(Verbaliser-Visualiser) dimension of cognitive style, proposing a three-dimensional cognitive 
aspect. However, this tool was designed to be more applicable for adults and not appropriate 
to be used on children. Eventually, the development team developed a children’s version of 
the OSIVQ dedicated to children (C-OSIVQ) (Blazhenkova, Becker & Kozhevnikov, 2011). 
However, at the time, the data collection for this PhD study commenced, the tool was still in 
the process of validation. Although the C-OSIVQ tool was then ready for sale, it was too late 
as the research data collection had already commenced. Additionally, this tool only measured 
the Verbal-Visual dimension. Thus it was lacking in providing a complete measurement of both 
cognitive style dimensions (Wholist-Analytic and Verbal-Imagery) as proposed by Riding 
(1991). Since the participants were students ranging in age between 10-12 years old, it would 
be too tiresome for such children to sit for too many tests and it would also be too time-
consuming (in order to capture data for both dimensions of cognitive style – in complementing 
the use of OSIVQ). Due to the need to fit the experiment within the available school children’s 
semester timetable, the research schedule could not wait for any further to seek other 
available tools.  
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The second tool under consideration was the Extended CSA and VICS tests devised by Peterson 
(Peterson et al., 2003; Peterson et al., 2005); Peterson claimed results of the Extended CSA 
was better than the original CSA (Riding, 1991) in terms of the validity and reliability. However, 
the test-items were modified (measuring other cognitive elements not associated with the 
original Riding data model) as well as having a different way of calculating the ratio from the 
original CSA. Thus, the Peterson tests (Extended CSA and VICS) were deemed incomparable 
with the original CSA. Besides that, their claims were made based on an experiment involving 
only 50-participants, which can be considered as a small sample. Moreover, the participants 
were university students taking psychological courses. Therefore, the results could not be 
generalised to the general population. Furthermore, the VICS test was also questionable in 
terms of its construct validity (Blazhenkova & Kozhevnivkov, 2009). A critical review of the 
cognitive styles literature also failed to find any research paper that reported further 
development of the tools. Personal communication with Peterson herself also revealed that 
both the Extended CSA and VICS tests have never been used on children. Consequently, the 
option of using this tool was also eliminated.  
Consideration was also given to the Group Embedded Figure Test (GEFT) by Witkin. There was 
a version of the GEFT (Witkin et. al., 1971) specifically targeted for children. However, this pen 
and paper type of tool was no longer in production. Furthermore, GEFT measured field 
dependent-independent cognitive styles and discussed intelligence levels instead of humans’ 
information processing abilities, which did not fulfil the main focus of this research. The other 
weaker aspects of these alternative cognitive style investigative tools were that they relied on 
an introspective self-report approach; causing inaccuracy and a lack of objectivity or possible 
bias during the self-reporting (Riding & Cheema, 1991, Riding & Rayner, 1998). For these 
reasons, the computerised CSA (tested mostly on children) remained to be the most useful 
instrument for this research. It also provided the most convenient way to measure both 
dimensions of cognitive style together (W-A the inherent way people process the information 
they receive, and the V-I, the preferred thinking style which may change according to the task 
at hand). Therefore, the CSA was used by the researcher to split the population for allocation 
of the instructional treatments. 
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The CSA screening test consisted of 40-items to assess the Wholist-Analytic dimension and 
48-items for Verbal-Imagery. The test was recognised to be suitable for different age-groups 
and abilities; and to be applicable in various educational contexts and cultures (Riding, 2003). 
The first sub-test assessed the Verbal-Imagery dimension by presenting statements that were 
to be judged true or false. The statements given by the tool contained conceptual categories 
and descriptions of an item’s appearance. The other involved two sub-tests to assess the 
Wholist-Analytic dimension. In the first items presented there were pairs of complex 
geometrical objects to be judged ‘same’ or ‘different,’ and a final sub-test that required the 
participant to indicate whether a simple shape was contained or not within a complex one. 
Figure 4.7 shows sample screens from the CSA tool. 
An introduction to the first part of CSA 
A sample screen of the second part of CSA 
A sample screen of the third part of CSA. 
Figure 4.7 : CSA sample screens (Rezaei & Katz, 2004, pp. 1320-1321) 
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4.5.2 Cognitive performance assessment instruments 
The performance assessment instruments were the pretest and posttest assessment 
instruments, which had been devised in the Second Phase of the ISD process as initially 
discussed earlier section 4.3. The detail of the assessment instrument construction will be 
discussed in Section 4.10 and validated in the calibration study (also see Chapter 5 for the 
details of the validation process).  
4.5.3 Museum-visit instruction/Dinosaur Walk exhibit material (website/physical) 
In assisting the museum-visits (both web-based – Treatment 1 and physical museum-visits – 
Treatment 2) the pre-set materials were prepared accordingly: 
i) Melbourne Museum floor map (to identify the location of the Dinosaur Walk exhibition) 
the floor map was essential to provide the location for the physical museum-visit, at 
the same time to set the limit (boundary) of space depicting where the students were 
to explore during the experiment. The printed visitor map was supplied by the museum 
and given to all accompanying teachers and students. Also, oral explanation and 
instruction on the experiment and the do and don’ts were clarified first thing upon the 
students’ arrival at the entrance of the museum’s Dino Walk exhibition. (Please refer 
to Appendix B-2 for Melbourne Museum floor map). 
ii) A task sheet consisted of instruction for the web-based museum-visit. It was prepared
and distributed to each of the participating students before the web-based museum
visit activity. The task sheet provided the museum website address followed by the
instructions on what were the tasks the students were required to do during the
activity, including the defined scope of the instructional content. See the task sheet in
Appendix B-3.
iii) An information letter was provided to the teachers to be involved (accompanying the
students) pertaining to the school agreement to participate in the research study. The
information sheet provided brief information about the research and also the aim of
the experimental calibration study.
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The information sheet also listed the research conduct activities and tasks while asking 
for information about the school facilities namely, the number of computers available 
and its specification, Internet access required for the experiment, and the number of 
participating students. This information was critical in helping the researcher to devise 
an appropriate plan for the research to be conducted. See the teacher information 
sheet in Appendix B-4. 
4.6 Research ethics 
Some formal ethics issues were clarified concerning conducting the research, including: 
formal approvals to conduct the research (University and Department of Education); parental 
participant consent; data security, storage and disposal. These issues will now be discussed. 
4.6.1 Ethics’ approval to conduct the study 
In order to gain formal school/university approvals to conduct the research study, the 
following permissions were obtained before undertaking any research work: 
i) Approval and permission to research the Melbourne Museum
It was essential to gain permission from the Melbourne Museum in order to be able to
use one of the current exhibitions for the educational-context of the research
investigation. For this, there were meetings held with the museum manager to gain
visitor advocacy and to provide an explanation of the research study and the work
ahead. The proposed research proposal was well received. After a couple of such
discussion sessions, a decision has finally given and agreed upon for the work. To
formalise the agreement, a formal letter sent by the researcher proposed the research
study and requested permission to the museum’s manager of visitor advocacy.
Permission to conduct the research study was granted in a written reply from the
museum (Appendix A-4).
ii) RMIT University Human Research Ethics Committee (HREC)
The second concern was the issue of the expected participants’ involvement in that
they were primary school children under the age of 18. This issue, therefore, had to be
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strictly adhering to the ethical code of research conduct recognised by AVCC/NHMRC 
Guidelines on Good Research Practice and the RMIT University Code of Research 
Conduct. In fulfilment of these requirements, an ethics application was lodged at the 
College of Business Human Research Ethics Sub Committee, at the RMIT University. 
The research inferred very low risk to the participants and classified as being a risk-
level-2. The approval from RMIT University HREC was obtained (see in Appendix A-3). 
iii) Permission to conduct research in a school from the Department of Education and
Early Childhood Development
Furthermore, as the research involved school children, an application for ethics
approval was also sent to the Australian Department of Education and Early Childhood
Development (DEECD), Victoria. The research received permission and granted
approval as in Appendix A-5.
iv) Working with Children Check from the Department of Justice
As a requirement under the Australian, Victoria State law, the researcher was also
required to apply for ‘a work with children check/assessment authority’ to obtain an
official permit to work with children, from the Department of Justice, Victoria, in order
to fulfil the requirements of the Working with Children Act 2005 that was issued on 11
November 2009 (refer to Appendix A-6).
4.6.2 Participant consent 
This research followed usual ethical practice in obtaining participants’ consent, including each 
school principal’s agreement to be involved in the project. Accordingly, it was the school’s 
responsibility to identify the students to participate in the research experiment. Each student 
was then issued with a ‘plain language statement’ and a ‘consent form’ that required the 
parents/guardians’ consent/permission for the student to be involved, as these students were 
all less than 18 years of age.  
Please refer to Appendix A-1 for the consent form and Appendix A-2 for the ‘plain language 
statement’ (PLS). In addition, as the experiment involved a field trip to the Melbourne 
Museum, an out of school excursion consent from the parents/guardian was obtained 
separately under the school liability protocol. Only students with this parent’/guardian 
consent were allowed to take part in the experiment.  
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4.6.3 Data storage, security and disposal 
As for the confidentiality issues, the data collected was treated as strictly confidential and 
used for research purposes connected with this project only. Confidentiality of the 
information provided has also been protected subject to any legal limitations. Access to the 
information was restricted to only the research investigator. Data was securely held in the 
School of Business IT with a secured locked cabinet. Data was to be destroyed using 
confidential waste disposal techniques after five years following the last publication from the 
research. No individual student or school were or would be identifiable in any existing or 
future research reports. Data and records in papers were to be shredded and disposed of 
through disposal of confidential waste process facilitated by RMIT University. Confidential 
data and records in electronic format were to be deleted. 
4.7 Data analysis tools 
Fundamental to this thesis was the ability to measure the cognitive performance of the 
participants concerning their museum-visit’s learning outcomes. A set of assessment 
instruments consisted of a pretest and a posttest designed to measure participants’ 
performance improvement in the Dinosaur Walk exhibition learning experiences. The 
objective of the assessment instruments was to provide evidence that all the test-items 
measured the same construct (construct validity) as well as to provide evidence of whether 
the test-items can distinguish effectively between those participants who lack the knowledge 
and the knowledgeable participants about the Dinosaur Walk museum’s exhibit information. 
When analysing the psychometric data the classical test theory (CTT), item response theory 
(IRT) and a Rasch model were used to predict the test outcomes by identifying item difficulty 
parameters and a person’s ability—henceforth providing measures for validity and reliability 
(Magno, 2009; Muis et al., 2009).  
4.7.1 Classical Test Theory (CTT) 
Classical test theory (CTT) is regarded as true score theory assumes that the systematic effects 
between responses are due to variation in person-ability whereby the observed test score was 
composed of a true score and error score (Magno, 2009).  
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As argued by Alagumalai and Curtis (2005), CTT has limited effectiveness for educational 
measurement as test-items difficulty and item discrimination were group-dependent, and the 
observed and true scores were test-dependent. The theory assumes that each person has a 
true score obtained when there is no measurement error. However, the observed true score 
of a person may not represent the person’s true ability through which the difference between 
both resulted in measurement error. The standard deviation of this error (standard error of 
measurement) was used to identify if a person’s score was close or not to the true score and 
henceforth create confidence intervals for the observed scores. Conclusively, the analysis 
based on this model focussed on: the total main score; frequency of correct responses; 
frequency of responses; reliability of the test and item-total correlation; and therefore 
focussed mainly on the ordering of person (Muis et al., 2009), rather than on the item.  
4.7.2 Item Response Theory (IRT) 
Unlike the CTT which focussed on the test’s true score, the second IRT measurement tool 
considered the chance of getting a particular item right or wrong (Magno, 2009). Therefore, 
the model considered both the person-ability and test-item difficulty to be measured using 
the same scale. IRT (also known as latent trait theory) focuses on the unobservable traits 
(O'Connor et al., 2002), in this case, the knowledge of dinosaurs. IRT analysis of responses was 
calculated based on the probability of a person-ability response range to an item with a certain 
level of difficulty. Both person and item parameters were estimated from the item responses 
(Wu & Adams, 2007). The two parameters defined on a logit scale is a unit of measurement 
described as “interval scale in which the unit intervals between locations on person-item map 
have a consistent value or meaning” (Bond & Fox, 2007, pp. 38). O’Connor (2002) described 
the logit as the natural logarithm of the odds of an event occurring and distributed 
symmetrically around midpoint probability 0.5 (and the logit was set to 0).  
Logit values range from positive infinity to negative infinity. Logit scales linearised the 
relationship between person and item difficulty where the probability of success depends on 
the difference between the ability of person and the difficulty of item (Bond & Fox, 2007). This 
relationship is represented in a Rasch model’s person-item map, as depicted in Figure 4.8. 
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Figure 4.8 : Example of person-item map 
Furthermore, the estimation of the person and item parameters can also be graphically 
depicted in an Item characteristic curve (ICC), which is a key construct of IRT as in Figure 4.9. 
Each item has an ICC clearly showing that a person with specific ability has a 50 percent chance 
to get a correct answer for the item. Whereas, for a group of people with a different ability-
range, there was a 50 percent chance of the people getting the item correct (Wu & Adams, 
2007). The ICC reflects values between 0 and 1. Woods and Baker (1985) suggested that IRT 
assumes, despite how able the person may be, the probability for them to give a correct 
response is never certain. Therefore a Rasch model fit statistics graphic was generated based 
on the difference between observed and expected responses enabling detailed diagnostic 
ability (see Figure 5.2).  
Individual performance Item Difficulty 
The logit 
ruler 
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Figure 4.9 : Example of Item characteristic curve (Thorpe and Favia, 2012 pp. 6) 
4.7.3 Rasch Model 
The Rasch measurement model, is a probabilistic tool, allowing analysis of the individual 
performance of both the people’s relative performance with each other concerning the test-
items difficulty (relative to other test-items’ behaviour) on the same unidimensional 
measurement scale. Consequently, the Rasch model posits the probability of a person with a 
certain level of ability to answer the test-item at a certain level of difficulty correctly. Based 
on the analysis, it was expected that a person with high ability would get the easiest item 
correct, while a person with low ability to get the most challenging item wrong. This analysis, 
therefore, provided an opportunity to examine carefully each participant performance based 
on the test-items.  
Rasch analysis addresses the unidimensionality, which is an assumption of the Rasch model to 
ensure that all test-items reflect the same underlying construct (Bond & Fox, 2007; Blackman, 
2005). The model utilises the fit statistic, which is the difference between the observed score 
with the expected responses (Bond & Fox, 2007).  
Probability 
of success 
Low 
achievement 
High 
achievement 
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Therefore, the Mean Square (MNSQ) of infit and outfit statistics, separation reliability and the 
variable map of the Rasch analysis provided evidence for the assessment instrument construct 
validity (Draugalis & Jackson, 2004; O'Connor et al., 2002; Ryan & McCrae, 2005).  
4.8 Research validity and reliability issues 
There were a few issues regarding the research validity that needed addressing. The following 
subsections discuss the management of internal and external threats to the validity taken by 
the research methodology. 
4.8.1 Managing threats to internal validity 
Although the pretest and posttest design used to conduct the research study accounted for 
the internal validity through the random assignment (Dawson, 1997), the following actions 
(Table 4.2) were taken to address the issues that could produce possible threats to internal 
validity.   
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Table 4.2: Threats to internal validity 
Potential biases Actions taken to minimise internal threat validity 
i) selection bias 
ii) selection regression 
As the cohorts were recruited from students of the same age group across 
Victorian primary schools, it was anticipated that the cohorts would be 
unlikely to differ markedly on key variables, as they were receiving similar 
education level as emphasised by the Department of Education and Early 
Childhood Development, Victoria.  
Participants of each cohort were required to undergo the CSA test that 
revealed their cognitive style ratios. Each pair of students with the nearest 
ratio were identified and anonymously assigned to Web-based museum-
visit (Treatment 1) or Physical museum-visit (Treatment 2) respectively. 
This process was carried out for every single cohort, thus provide 
maximum assurance that the two groups were equated.  
By doing this, the potential differential selection bias and regression has 
been eliminated because participants are now equally divided into 
treatment groups based on their cognitive style ratio. 
iii) selection maturation
iv) selection history
These issues were reduced if not eliminated by the followings: 
 using assessment instruments (pretest and posttest) with a short
length and small number of test items; 
 limiting the time for each of the experimental tasks; 
 employed a small scale exhibition (Dinosaur Walk) as the context of
investigation; and
 dinosaurs as the subject was also purposely chosen due to children’s
familiarity to the subject as compared to other exhibition as well as to
avoid confounding variable such as fear or phobia (if, for example,
subject like bugs (Bugs Alive exhibition) was chosen; there is likeliness
that some students may be entomophobia or insectophobia (fear of
insects).
v) selection instrumentation The participants of both groups were exposed to the same sets of pretest 
and posttest, and the same measure was implemented across the 
treatment groups. 
4.8.2 Managing threats to external validity 
Apart from internal validity, there were also potential threats that may have contributed to 
external validity. Cresswell (2009) listed three factors that may draw incorrect inferences. 
These threats were addressed, as shown in Table 4.3. 
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Table 4.3: Threats to external validity, adapted from Cresswell (2009) 
Types of threats Actions were taken to address the threats to external validity 
Interaction of selection and 
treatment 
The experiment was conducted with four different groups of school 
children in consideration of the different characteristics of the respective 
group. By doing this, the results could only be generalised within the 
population (Victorian Primary school children). 
Interaction of setting and 
treatment 
As the experiment was conducted within the Dinosaur walk exhibition in 
the Melbourne Museum, the result was limited to the research context 
only. However, the finding could also be used for further investigation in 
other settings or as guidelines for other new developments. 
Interaction of history and 
treatment 
The results were derived based on the four experiments conducted with 
four different groups within a period of six months. 
4.8.3 Research Reliability 
Reliability is another essential research issue whereby the degree of fit between theories, 
constructs and data need to be accounted for (Cohen, 2007). Reliability reflects the ability of 
the assessment instrument to produce similar data from similar research participants and 
should be replicable over time. The following section describes the research phases carried 
out to achieve the cognitive measurement objectives. 
4.9 Research phases 
Conduct of the research was divided into three research phases (Figure 4.10). The earliest 
phase was extremely important as it dealt with the assessment instrument construction, 
which was the major component in determining the success of this investigation. These phases 
were carefully planned with consideration for the research design and to meet every aspect 
of the ISD and the research methodology. 
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Instructional context identification 
Careful attention to Instructional 
Design theories Museum’s 
Manager Visitor 
advocacy 
Museum Staff 
Instructional content specification 
learning theories relating to school 
aged children’s cognition 
Museum’s 
Program 
Coordinator 
(Palaeontologist) 
Museum’s Online 
Education 
Programme 
Manager 
2 museum staff 
Initial Items 
review 
(children) 
Children 
aged 10-12 
years old 
Modified test-item 
Content 
review 
Museum 
Experts 
Modified 
 items 
Language 
review 
School 
teacher 
Pilot test 
22 children aged 
10-12 years old 
(NMP School) 
Pretest 
Treatment: 
(T1 only) 
Posttest 
Modified 
test-item 
Calibration study 
30 children aged 
10-12 years old  
(M School) 
CSA 
Pretest 
Treatment: 
T1 and T2 
Posttest 
Modified 
test-item 
Main experiment 
91 children aged 
10-12 years old  
(RV, RG, BV 
School) 
CSA 
Pretest 
Treatment: 
T1 and T2 
Posttest 
Figure 4.10 : The overall research phases 
PHASE 1 
Item construction 
PHASE 2 
PHASE 3 
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4.10 PHASE 1: Assessment instrument construction 
The assessment (test-item) instrumentation development begun with the description of the 
testing purpose; which is usually a significant research task in deciding how the item-scoring 
should be allocated and interpreted by the researcher (Ebel & Frisbie, 1991). The research 
design reinforced the need for the test-retest of the assessment instruments to provide an 
accurate empirical measurement of the students’ cognitive performance as follows: 
• the Pretest - to assess the participants’ prior knowledge on the 
content (before the treatment); and 
• the Posttest  - to examine any learning improvement (after the
treatment).
Constructing the assessment instrument was quite a challenging task. Due to the context of 
informal learning and the instructional content of the Dinosaur Walk exhibition, the options 
or possibility of what to ask could have been ad hoc, asking the children anything related to 
dinosaurs. In fact, there were no existing assessment instruments that could be appropriated 
for this research. Hence, the instrumentation was fully developed by the researcher to fulfil 
the research requirements accordingly.   
To do so, a test plan for both the pretest and posttest instruments were designed carefully to 
achieve valid data interpretations. The researcher followed the Izard (2005) process of 
assessment construction model (Figure 4.11) that was adapted by the researcher and used to 
guide the development of the assessment instruments. The instrument construction process 
commenced by defining the scope of the instructional content from the chosen domain to 
establish instructional content boundaries for the assessment (Ebel & Frisbie, 1991).   
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Content analysis 
↓ 
Item writing 
↓ 
Planning item scoring 
↓ 
Item review 1 
↓ 
Trial testing 
↓ 
Item review 2 
↓ 
Amendment 
(revise/replace/discard) 
↓ 
Assembly of final tests 
Figure 4.11 : Stages in item construction modified from Izard (2005) 
In order to conform to the exhibitions’ instructional content specifications and expected 
learning outcomes, a series of meetings were held with the museum stakeholders. The people 
involved in the discussions were the museum’s programme coordinator (who was also the 
palaeontologist who prepared the background material for Dinosaur walk exhibition), the 
Melbourne Museum’s online education programme manager and two other museum staff, 
identified to assist with this research experiment. The discussion during this meeting reached 
an agreement that the items for the assessment instruments were to be constructed based 
on the instructional content that was accessible from the Dinosaur Walk exhibition. Whereby 
the suitability would be determined by the researcher based on the Victorian Essential 
Learning Standard (VELS), and further considered the linguistic discrepancies for the expected 
student cohort whose English was expected to be their second language. Considering the 
feedback received from the museum stakeholders, further work was carried out by the 
researcher to scrutinise the development of the assessment instrumentation. This scrutiny 
was to ensure that the testing instruments complied with the research design.  
Consequently, the research design influenced the learning content by: 
• instructional strategies of the learning context;
• instructional domain of the learning context; and
• instructional objectives of the learning context.
Test-items 
validation 
Experiment 
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Instructional strategies of the learning context: Since the research was conducted in a current 
museum exhibition, the option to pre-determine the instructional strategies used in the 
exhibits’ content (information) delivery was eliminated. The research study presented an 
instructional context with two different modes of information delivery; web-based 
(Treatment 1) and physical museum exhibits (Treatment 2). Therefore, the similarities and 
differences of the information offered in both modes were examined to identify which 
instructional information was available (or not). This process was crucial to ensure that the 
scope of the content was covered similarly in both instructional modes to avoid bias in the 
experimental treatments and assessment instruments, which would jeopardise the findings.   
During the observation of the museum-visit instructional delivery mode; it was revealed that 
both the web-based and the physical exhibits’ delivery modes delivered similar instructional 
content/educative information. However, the web-based platform did include additional 
information, as indicated in the following list: 
i. Meet the skeleton: This section displayed all the information
about the dinosaur as on display in the physical museum.
ii. Video: This section provided numbers of the video in which the
palaeontologists share their different experiences about
dinosaurs.
iii. Educational resources: This section provided educational
resources in relation Dinosaur Walk exhibition such as specialised
program, educational kits as well as info sheet that can be used
but not limited by teachers/school program.
iv. Prehistoric fun: This section contained different activities for
children concerning dinosaurs such as a colouring sheet; build a
dinosaur and matching game.
v. Virtual Exhibition: This section used a virtual reality technology
that allowed users to take a 360 degree virtual tour of the
exhibition.
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As some of the information in the web-based museum was not available in the physical 
museum, critical exhibition information selections were made to ensure there was 
matching exhibition content for both treatment groups. For this reason, only one part of 
the web-based exhibition entitled 'Meet the skeleton' (Figure 4.12) was chosen to establish 
the scope of the learning content for the experiment. This section represented similar 
information offered in the physical exhibition. Additionally, in the ‘Meet the skeleton,’ the 
content was presented using text (verbal blocks) and images (visual blocks) that matched 
the instructional format used in the physical museum exhibition’s informational display.  
Figure 4.12 : Web-based exhibit content scope (Source: Melbourne Museum). 
By clicking the hyperlinked text (as depicted in Figure 4.12), led the participants to a list of 
dinosaurs in the museum’s Dinosaur Walk exhibition. Each of the graphic-blocks showing 
dinosaurs were clickable hyperlinks that displayed more details on another webpage. The 
information was displayed in a template containing both verbal informational blocks (textual 
explanations) as well as visual information blocks (images and diagrams) see Figure 4.13.  
The chosen block of 
information used in the 
research study 
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Figure 4.13 : Example of Melbourne Museum’s webpage using multiple representation 
formats in delineating the information of the Dinosaur Walk exhibition 
It was important to note that, by limiting the content scope to only one section of the full 
museum exhibit also helped in limiting the length and depth of the content. This was done to 
suit the time provided for the experiment, as explained in section 4.11.2 Research procedure 
later in this chapter). 
Instructional domain of the learning context: 
The participants were primary school students in Year-5 and 6, aged between 10 to 12 years 
old. Hence this age-range necessitated careful consideration of their knowledge competency 
levels when establishing the instructional content for the assessment purposes. To do so, the 
Victorian Essential Learning Standard (VELS) was adapted to model the Dinosaur Walk Exhibit 
(or instructional content). VELS were derived by the Department of Education and Early 
Childhood Development (DEECD) of Victoria, in Australia and was introduced in 2006 to 
replace the Curriculum and Standard Framework II (CSFII). VELS provided the pedagogical 
outlines of what is essential for all Victorian school students to learn and develop during their 
school years. VELS provides the Australian State-wide primary school standards (either public 
or private) across the State of Victoria for teachers to plan their students’ learning; assess their 
students’ progress, and prepare parents' reports. 
Visual image representation block 
displaying the information using 
graphics as well as diagram 
Verbal information block using 
text to further elaborate the 
information 
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VELS has six levels with expectation for each level to be completed within two years of 
schooling except for the preparatory year, which can be completed in the first year of primary 
school. The six levels of VELS were as follows: 
Primary School Level 
 Level 1 – Preparatory
 Level 2 – Year 1 and 2
 Level 3 – Year 3 and 4
 Level 4 – Year 5 and 6
Secondary School Level 
 Level 5 – Year 7 and 8
 Level 6 – Year 9 and 10
Although it was explicitly designed to guide the formal education system, the Museum Victoria 
exhibit designers adopted a VELS in their pedagogical planning for their museum exhibit 
curation. This decision was to ensure that the museum’s informal learning experience 
facilitated or supported the formalised school educational pedagogy. The 2017-2018 Annual 
report of Museum Victoria consisted of: the Melbourne Museum; Scienceworks; Planetarium; 
and the Immigration Museum. The Royal Exhibition Building has recorded there were 255,725 
- about 10 per cent educational visits from the overall 2,869,820 yearly visits.   
In a VELS, the learning domain strand spreads across different disciplines, namely: arts; 
English; humanities; mathematics and science. This educational domain was further 
structured into different levels according to the stages of learning from preparatory school to 
year-10. Accordingly, students in year-5 and year-6 were positioned in the VELS model, as 
being level-4. Achievement in this pedagogical model progresses throughout the school year; 
and may differ from one primary-level Victorian school to another. Considering that this study 
took place in the middle of the school year, the VELS for the science domain in level-3 (Figure 
4.14) was used as the benchmark to ensure the learning content used in the assessment 
instrument was appropriate for every participant.  
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Figure 4.14 : Victorian Essential Learning Standards (VELS) for Science domain – Level 3 
(Retrieved from http://teachingportfoliosm.weebly.com/uploads/8/7/6/5/8765279/standards_level_3.pdf) 
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Table 4.4 shows the science knowledge domain for the Dinosaur Walk exhibition, as it was 
deemed likely to be the most relevant and likely pedagogical match with the content provided 
in the museum's Dinosaur Walk exhibition.  
Table 4.4: Science domain under VELS for Level 3 (Source: Dinosaur Walk Education Kit) 
Domain Dimension & Standard 
Discipline-based 
learning 
Science 
Science knowledge and understanding 
• Identify and describe the structural features of living
things 
• Distinguish between biotic and abiotic factors in their
environment and describe interactions that occur 
between them 
• Describe natural physical and biological conditions which
affect the survival of living things 
• Explain how features of the landscape are altered by the
process of weathering and erosion 
Instructional objectives of the learning context  
To stimulate recall of prior learning adapted from the differential instruction for five learning 
outcomes (Gagné, 1985) a learning hierarchy was developed by the researcher and used to 
design the instructional objectives, identifying the expected instructional outcomes, and the 
construction of the assessment instruments. There are two categories of knowledge/skill 
development known as declarative and procedural (Huang, Spector & Yang, 2019; McKay, 
2000a) subsequently skills' hierarchies were used to guide the assessment instrument 
development.  
The declarative knowledge was divided into two skills-levels: 
• verbal information that refers to knowing basic terms and concrete
concept (facts and organized knowledge) for example the different
era of the earth that determined the living timeline of the different
dinosaurs; and
• Intellectual that looks into knowing how to discriminate basic rules
and concrete concepts; such as the discriminative characteristics of
the different types of dinosaurs.
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On the other hand; 
The procedural knowledge was divided into three levels: 
• intellectual skill, which focuses on higher-order rules, for example,
the ability to identify the type of food the dinosaurs eat based on
their physical characteristics;
• cognitive strategy: identify sub-knowledge and recognize un-stated
assumptions  such as the family type of the dinosaur either they
are mammals or reptiles based on their habitat and  how they
breed; and
• cognitive strategy that integrates learning from a different area
such as the ability to explain the dinosaur extinction based on earth
history.
As declarative knowledge is fundamental to what the learners should know in order to apply 
their understanding of higher-level procedural knowledge; the knowledge hierarchy should 
be from easiest to hardest. For example, to be able to understand about a dinosaur, the 
students must first understand about the earth history/timeline to gauge knowledge on the 
evolution process until the extinction of the dinosaur, and so forth. To do so, the declarative 
‘know what’ and procedural ‘know-how’ knowledge of the learning content was then 
determined for the identified “Meet the skeleton” Dinosaur Walk exhibits based on the 
science knowledge identified in VELS (Table 4.4).  
4.10.1 Treatment scope 
Drawing upon these pedagogical ISD-elements deemed here as: instructional strategies; the 
targeted knowledge domain; and the instructional objectives (discussed earlier); the 
treatment scope of the research study was determined. A test specification matrix was then 
devised to guide the assessment instrument development. By adapting McKay’s item 
specification matrix (McKay, 2000a) the number of test-items was entered into the matrix to 
identify the range of test-items necessary for achieving the instructional objectives (learning 
outcomes)  (see Table 4.5).  
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The vertical axis represented the instructional tasks, starting from the easiest to the most 
laborious task (defined by the instructional strategies and the instructional domain); while the 
horizontal axis represented the knowledge/skills development necessary to achieve the 
instructional outcome (the dinosaur characteristic and skeletal knowledge). The instructional 
objectives were then able to be specified along the horizontal axis. The test-items were 
thereby constructed, guided by this test-item specification matrix. 
Table 4.5: Items specification Matrix 
4.10.2 Initial item review 
Initially, the test-item construction process of this assessment instrument commenced by 
outlining possible questions that could be asked based on the Dinosaur Walk exhibit's content. 
The first draft of the assessment instruments consisted of 20-textual (fill in the blank 
questions). To acquire a general overview of the instruments, as well as to get initial feedback 
on the test-items, the questions were tested informally (the results of this initial trial is not 
included in the thesis). Participants were seven children (Victorian public school students) 
aged between 10 to 12-years old; their parents were colleagues/acquaintances of the 
researcher.  
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With the parents’ oral consent, these children were given the pre- and posttest questions. The 
children were asked to try out the pretest first, before being allowed to browse the Dinosaur 
Walk website. After their web-based museum visit, the children were then asked to answer 
the posttest. During this informal session, the researcher not only observed the children 
attempting the assessment test-items but also how long they took to answer the questions. 
Furthermore, it was necessary to gauge the language appropriateness (to see if the children 
understood the terms used in the tests) as well as the suitability of question-type.   
This initial experiment provided valuable feedback giving the researcher a ‘sense’ on how the 
test construction; particularly for the (dinosaur-terms used and the children's acceptance of 
the question format). Firstly, the participants were asked about the acceptance of the content 
topic 'Dinosaur.' All participants provided positive feedback with one participant considering 
himself as a ‘Dino-fan.’ Furthermore, this initial review also revealed that some of the terms 
used in these test-items were very scientific; hence they may have been unfamiliar, or it was 
deemed too difficult for children to answer correctly. For example, the dinosaur's names used 
in the draft questions were the scientific name/term such as Genyornis Newtoni and 
Quetzalcoatlus Northropi, which were new to these children. It was also revealed that the type 
of question format used (fill in the blanks) made the test-items seem difficult and not inviting 
to the children, despite their feedback that the dinosaur was an interesting subject. When 
asked, the participants suggested that it would be more interesting if the test-instruments 
were to include some coloured images.  
Based on this verbal feedback, the (draft) assessment instruments were then modified and 
improved. As the research took into account the students’ cognitive preferences (verbal-
visual), this pedagogical element was embedded into the test instruments. To do that, some 
of the verbal (textual) questions in the test instruments were transformed into visual-based 
questions. For example, (as can be seen in Figure 4.15a), the textual-based test-item was 
modified into being an image-based test-item that required the participants to answer the 
question based on the given image. To enrich the findings, some of these visual-based 
questions were based on the textual information that was given in the context of formative-
assessment during the Dinosaur Walk exhibit for both the pedagogy versions: physical 
museum-visit and the online museum-visit (Figure 4.15b). This pedagogical strategy was also 
applied to the modification of the pre and posttest test-items (Figure 4.15c).   
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Previous question: 
List three characteristics of protoceratops: 
i.______________________ 
ii. _____________________
iii._____________________ 
Modified question: 
Tick ( ) the characteristics of the following dinosaur. 
Herbivore  
Effective teeth 
Sharp teeth 
Carnivore  
Fast runner 
Figure 4.15a : Textual question transformed into a visually based question 
Visual information in the exhibition Verbal/textual question 
All dinosaurs lived at the same 
time (True/False) 
Figure 4.15b : Textual question based on a visual exhibit 
Pre test (Verbal/textual) 
A group of giant marsupials was found in a country 
named ________________.  
Post test (visual) 
Circle on the map for a country where a group of giant 
marsupials was found. 
Figure 4.15c : The modification of question from textual to a visual format 
4.10.3 Content review - Museum expert 
After several refinements of these assessment instruments, both the pretest and posttest 
items were sent to a content/pedagogical expert for review. This expert was the museum 
programme coordinator who was also the palaeontologist who prepared the Dinosaur Walk 
exhibit material. The other people involved in this experts' review process were the manager 
of the Melbourne Museum’s online education programme and two other museum staff. 
During this reviewing process, they were asked to review the assessment instruments in 
general, as well as to provide comment or suggestions for each of the test-items. They were 
also requested to provide feedback and comments in terms of coverage of the instructional 
content, as well as other issues in relation to the exhibits' expected learning experiences.  
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The experts' feedback included: 
i. to consider potential participants with English as the second
language, therefore, the pedagogical aspect of language should be
considered;
ii. to refine certain test-items based on suitability of the exhibit's
context;
iii. to refine question format of certain items; and
iv. to consider the length of the test with respect to the timing required
for the students to answer all these questions.
4.10.4 Language review - Teacher 
As agreed with Melbourne Museum staff members involved in this study providing valuable 
advice on likely exhibit instructional outcomes, the language aspects of the tests-items were 
taken into account as many of the expected participants were children enrolled in multi-racial 
Victorian Primary Schools. To ensure that the language and terms used in the instrument were 
suitable for a participant cohort with English as a second language, the instruments were 
reviewed by a literacy teacher to help identify any unsuitable words or sentences.  
The feedback accumulated from this test-item review suggested improvement on the 
following: 
i. that the scientific terms should be avoided;
ii. linguistics' appropriateness – to use simpler words and short sentences;
and
iii. test-item format – more appropriate test-items format(s) should be used.
4.10.5 Common items 
The term ‘common item’ refers to test-items that were the same in two different tests (León, 
2008) in order to equate the tests. Taguchi (2005) claimed it was sufficient for the Rasch data 
analysis to have a minimum of 5-common items in a test.  
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For this research study, there were 14-common test-items and eight-uncommon test-items in 
both pretest and posttests. These common items were worded the same in both tests. 
Placement of the common items was mostly maintained in both pretest and posttests; with 
some items changed position in the post-test. 
Consequently, some of the uncommon items in the pretest were also modified in the posttest. 
Although items were changed or modified, they were meant to measure the same 
knowledge/skill construct. These changes were necessary to reflect participants ‘thinking’ 
rather than recall their first attempt in the pretest. The placement of some of these 
uncommon items was also changed in the posttest for the same reason. The common items 
are indicated in blue and uncommon items with changes in the posttest are coloured in grey, 
as illustrated in Table 4.6. The modification or adjustment to the placement of these test-
items was important to avoid participants from remembering or trying to recall answers from 
the pretest. Hence, by administering the different sequencing of test-items in both pretest 
and posttest, it could reduce the possibility of memory effect. 
Table 4.6: The items specification for pretest and posttest 
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4.10.6 Scoring/marking strategies 
The marking strategy employed both dichotomous and partial credit scoring for both the 
pretest and posttest. The tests were scored based on the correct answers as provided in the 
score sheet (see Appendix C-2-3). For the dichotomous scoring, 1-mark allocated for a correct 
answer and '0' for a wrong answer. Whereas for the partial credit items, each answer was 
given a value of a 0, 1, 2, 3, 4 or 5, depending on the knowledge/skill requirements of that 
item – one mark was allocated for each correct answer. It is also important to note that in the 
case of missing or no answer is sometimes considered as the wrong answer hence recorded 
as ‘0’ (for example see: (Taguchi, 2005). However, in this research study, it has been recorded 
as an ‘X’ indicating a missing answer. This notation is essential to allow a precise analysis of 
the participants’ performance. The missing answer was also clearly shown in the analysis 
output.  
Although the implementation of scoring strategies was the same between pretest and 
posttest, the allocation of marks in certain posttest items was a little different, due to the 
number of answers that required for that particular item, based on the modification process 
as mentioned earlier. For example, for item-4 in the pretest, the participants were required to 
name two dinosaurs; however, the knowledge requirement in the posttest (item-7) was 
increased in which the participants were required to name three dinosaurs. This was 
purposely done to examine any increment in the participants’ knowledge. In total, there were 
only two-items with increased marks (by one-mark) in the posttest, from the difficulty level of 
the pretest; the other item was pretest item-5 modified as item-4 in the posttest.  
4.10.7 Validating the assessment instruments 
Validity is an overall evaluative judgement of the degree to which empirical 
evidence and theoretical rationales support the adequacy and appropriateness 
of interpretations and actions on the basis of test scores or other modes of 
assessment (Messick, 1995 p.741).  
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Therefore, the development process was carried out carefully to provide the quality and 
consistency necessary for the validity and reliability of the assessment instruments (Creswell, 
2009; Johnson & Christensen, 2008); and was completed in a series of reiterative steps 
(Downing, 2006). Next, crucial steps in making sure that the test-items would provide 
measurable outcomes were to test the validity and reliability of the assessment 
instrumentation. Detailed discussions on the assessment instruments’ validation process can 
be found in the following section. 
4.11 PHASE 2: Calibration Study (validity and reliability testing) 
Aforementioned was the purpose of this calibration experiment. This experiment was carried 
out according to the planned research design and methodology (refer to Figure 4.10, for the 
overall research phases). This technique was to ensure accuracy, homogeneity and reliability 
of the measure. This calibration experiment also received University ethics clearance, 
alongside the permission to experiment with the Department of Education and Early 
Childhood Learning, Victoria, as explained earlier in section 4.6.  
The conduct of the calibration study was done according to the research schedule, as depicted 
in Figure 4.16. Eventually, the experimental stages were divided into two methodological 
parts, whereby the first one was the CSA test to measure the participants’ cognitive 
performances and the second stage was the instructional museum-visit treatment. The CSA 
test was conducted in the school before the museum visit to enable the researcher to analyse 
the cognitive preferences of the participants hence sorted them into the treatment group, and 
the museum visit took place three weeks after that. The detail explanation of the research 
conduct will be further elaborated in section 4.11.2. 
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Figure 4.16 :  Research Schedule 
4.11.1 Recruiting participants 
First, the participating primary school was recruited through a convenient sampling strategy. 
Five suburban primary schools within the Melbourne central business district (CBD) were 
approached and invited to participate in the research study. However, only one (School M) 
accepted the invitation to participate in the research study. The first few meetings with the 
school principal and teachers were held to discuss the implementation and execution of the 
research study. The ensuing research was conducted strictly upholding the Australian Vice 
Chancellors' Committee (AVCC) and National Health and Medical Research Council (NHMRC) 
guidelines on good research practice and the University's code of research conduct. 
Upon receiving the approval to conduct the experiment from the School Principal, consent 
form (Appendix A-1) and a 'plain language statement' (PLS) ( Appendix A-2) and were issued 
to each of the students in year- 5 and year-6 (aged 10- to 12-years old) to comply with the 
Museum Instructional Strategies 
Independent variable 2 
PRETEST 
Prior domain knowledge test 
As a base to measure the cognitive performance in Posttest 
Treatment 1 
(Web-based) 
Treatment 2 
 (Physical) 
POSTTEST 
Measuring museum learning outcomes  
(Cognitive performance) 
Dependant Variable 
CSA 
Independent Variable 1 
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University’s Ethics Committee’s requirements (refer Appendix A-3). Only students with 
parental/guardian consent were allowed to take part in the experiment. Thirty-four of the 42-
students returned the consent form and henceforth took part in the experiment. 
4.11.2 Research procedure 
This work was considered as a further calibration exercise that required participants to 
undergo the CSA procedure to identify their cognitive preferences (see Section 4.7 in this 
chapter for a detailed description of the CSA). The CSA procedure was carried out three weeks 
before the main experiment; it took place in the school library, within a designated area for 
the experiment. The area consisted of 16-desktop computers that were well separated from 
the other sections of the library. However, as there were only eight-working computers 
available, the participants had to take turns in doing the test; while the others completed a 
classroom learning activity under a teacher’s instructions in another section of the library. It 
ensured participants already seated for the CSA procedure, were kept separate from those 
yet to do the test. This separation was carried out by asking the students to join the teacher-
led activity for the respective student groups.  
As the other objective of this further calibration study was to observe the required timing for 
each activity in the experiment (Figure 4.16 and Appendix B-1), students' use of time was 
closely monitored by the researcher. Although it was suggested in the CSA manual that the 
test could be finished within 30-minutes, participants were informed that they could take as 
long as they needed to complete the test. Each student was given the CSA interpretation sheet 
(Appendix B-5) so they could jot down the CSA ratio (with help from the researcher) once they 
had finished the test. Nevertheless, the experiment revealed that most of the participants 
took less than 30-minutes to finish the test. 
The next step in the procedure was to randomly assign the students into the instructional 
treatment groups; web-based museum-visit (Treatment 1) or physical museum-visit 
(Treatment 2). To do so, a scatter-plot graph (Figure 4.17) which displayed each participant’s 
CSA ratio was used to allocate the participants into their treatment groups.  
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Verbal-Imagery ratio 
Figure 4.17 : Distribution of participant according to treatment. 
From this graph (Figure 4.17), every set of two participants with similar/nearest CSA ratios 
were assigned to Treatment 1 or Treatment 2, respectively. The interval between the CSA test 
and the experimental procedure was three weeks. The participants were informed their 
assigned treatment group on the day of the actual experimental museum-visit. As for 
Treatment 1 group, the experiment had to be conducted in the school library despite there 
were enough computers in the museum laboratory. This arrangement was due to the logistics 
and timing issues which forced the experiment for Treatment 1 to use the primary school's 
computer facilities for the CSA test. The CSA tool had to be installed on the school computers 
a day before the experiment took place.  
The experiment was conducted following the experimental procedure as in Appendix B-1. 
Consequently, on the day of the Calibration study, Treatment 1 had to be conducted before 
the school trip to the museum, on the whole research cohort. Treatment 1 participants were 
directed to the computer space in the library to undergo the experiment; while the 
participants of Treatment 2 were sent to another section of the library to participate in other 
(unrelated) activities under another teacher's full supervision. Interaction of the participants 
of both groups was strictly prohibited during this instructional session.  
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Maintaining this strict regime was essential to avoid the participants sharing information that 
would compromise the test results. Using the library areas designated for the Calibration 
study, the participants were given 30-minutes to complete the pretest. Having completed the 
pretest, the tests were collected before further instruction was given for the 30-minute web-
based museum-visit. These web-based museum-visits were carried out using the participants 
own MacBook computers within the same designated area. After 30-minutes, all participants 
were asked to turn off their computers. A posttest then followed this instructional event. The 
time allocated for the posttest was also 30-minutes. In all sessions, participants were 
reminded and monitored to work independently. Overall Treatment1 experiment lasted 
within two-hours.  
After the experimental group undergoing Treatment 1 had been completed, all the 
participants (Treatment 1 and Treatment 2) were taken to the Melbourne Museum in a bus. 
The trip took 15-minutes. To avoid communication between the Treatment 1 and Treatment 
2 participants, Treatment 1 participants were seated in the back rows of the bus, while the 
Treatment 2 participants were seated in the front rows of the bus. Upon arrival at the 
museum, both groups were immediately split into their treatment-groups accordingly. Both 
groups were under the supervision of three teachers, respectively. Treatment 2 participants 
were taken into a pre-booked activity room (museum activity room A). To avoid Treatment 1 
participants interrupting the Treatment 2 experiment, the Treatment 1 participants were 
directed to the other part of the museum and carefully observed by their teachers. The 
teachers totally handled this session.  
In the museum's activity room, the Treatment 2 participants were seated four to a table. 
Similar to the Treatment 1 experiment, Treatment 2 was also given 30-minutes to complete 
the pretest. After all pretest instruments had been collected; the participants were brought 
into the Dinosaur Walk exhibition floor for their physical museum-visit experience. After their 
30-minute visit, they were given their posttest. The posttest was conducted in the same 
activity room, and 30-minutes were allocated for the test. The total timing for Treatment 2 
experiment also took around two-hours which verified the estimated timing for both 
Calibration study treatment groups. The time-taken for logistics and travelling purposes was 
not included in the duration of the experiment for both treatment groups. 
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4.11.3 Instrument calibration 
To calibrate the pretest and posttest questionnaire instruments; the Rasch data analysis 
process was used involving the 22-test-items that were written in accordance with the VEL 
standards and the specified instructional content for the Dinosaur Walk exhibition. Both the 
pretest and posttests were scored based on the prepared marking strategies (Section 4.10.6). 
Consequently, each participant was assigned with a unique participant-research-code; the 
scores were then tabulated using a Microsoft Excel spreadsheet. The data analysis required 
complete data for all participants; therefore, missing data were entered as an ‘X.’ The data 
were converted into a .txt file format for both pretest and posttest, respectively. An IRT 
analysis based was conducted using the Quest Interactive Test Analysis System (Adams & 
Khoo, 1996). As Quest requires non-spaced data, the concatenate function in Microsoft Excel 
was used to eliminate spaces between the data before the file conversion.  
The objective was to compare participants’ performance between pretest and posttest in 
order to measure any learning improvement after the instructional treatment. To do so, the 
pretest was calibrated first (see Section 5.3 in the following Chapter 5). This work generated 
an anchor file of the scoring values for the test-items used for the posttest calibration.  
The purpose of this anchoring strategy was vital to: 
i) establish the same measure of knowledge construct hence the
result of both pretest and posttests would be comparable, and
ii) equate the two sets of test data by applying the anchoring
strategy to eliminate the effect of differences in the tests-items
automatically.
This anchoring strategy was used to calibrate/recalibrate the assessment instruments in this 
Calibration study activity as well as during the data analysis of the main study’s pretest and 
posttest data (to be discussed later in Chapter 6). The Quest programme generates output 
tables and maps that used to demonstrate the reliability and validity of the assessment 
instruments in the following output files as in Table 4.7: 
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Table 4.7: Quest programme outputs 
Quest output  Description 
i) Variable map
ii) Item estimates (thresholds)
iii) Case estimates 
iv) Item fit map
v) Case fit map
vi) Item estimates (thresholds)
vii) Item analysis result
Participants and test item difficulties 
Summary of item estimates and fit statistics data 
Summary of participants estimates and fit statistics data 
Graphical presentation of item fit 
Graphical presentation of participants’ performance 
Tabular presentation of item estimates data 
Results of observed responses 
The results of this Calibration study will be discussed in detail in Chapter 5. 
4.12 PHASE 3: Main experiment 
The experimental design fieldwork involved two research stages precisely the same as the 
calibration study (see Figure 4.16) and followed the experimental research procedure 
(Appendix B-1). The main experiment was conducted in the three different primary schools 
(School coded as RG, RM and BV) and at the Melbourne Museum. Stage-1 involved a screening 
test in measuring the participants’ cognitive preferences, using the CSA tools (Riding, 1991). 
Based on the resulting cognitive preferences identified from the CSA ratio, participants were 
allocated to a treatment group; either web-based museum-visit (Treatment 1) or the physical 
museum-visit (Treatment 2).  
Stage-2 began with a pretest to assess participants’ prior domain knowledge and was followed 
by the actual museum activities (or visiting period), in which the instructional treatment 
groups were given access to either the web-based museum-visit or the physical museum-visit 
respectively. For the web-based museum-visit treatment (Treatment 1), participants 
‘browsed’ the Melbourne Museum’s Dinosaur Walk exhibition website pages; meanwhile, 
participants of the physical museum-visit treatment group (Treatment 2) were taken to 
physically explore the Dinosaur Walk exhibition in the Melbourne Museum. To conclude the 
experiment, Stage-2 ended with a posttest that was administered to measure any 
improvement in the cognitive performance (or instructional/learning outcomes) derived from 
the museum’s dinosaur exhibits. The experimental methodology followed exactly the 
research schedule as graphically represented in Figure 4.16. The conduct of this experiment is 
further detailed in the following sections. 
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4.12.1 Participant recruitment 
The research participants were Australian Victorian primary school students aged 10 - 12 years 
old invited to participate from schools visiting the Dinosaur Walk exhibition at the Melbourne 
Museum. It is important to note that the whole cohort of a school group had the opportunity 
to participate in this research. As the students’ prior knowledge was considered in the 
research experiment, students in a school group were anticipated to share similar 
backgrounds and to have received the same level of educational experience as others of the 
same group. By employing such a quasi-experimental design, each group tested was 
considered as a whole ‘population’ to avoid underestimates and statistical errors during the 
data interpretation. In order to avoid threats to validity, participants of each school cohort 
were randomly assigned into treatment groups based on their (individual) cognitive style ratio 
(for example, see: Figure 4.18). 
Due to the restrictions imposed by the research schedule, the convenience sampling strategy 
was deemed to be suitable for the recruitment of participants. There were two main 
approaches planned for the sampling strategies. In the first strategy, the schools were to be 
recruited based on schools coming for the Dinosaur Walk exhibition identified from the 
Melbourne Museum booking database. This strategy was anticipated to be the most 
convenient way for the recruitment process. The list from the booking database was obtained 
from the Melbourne museum as agreed in their permission to conduct the study (refer to 
Appendix A-4). The printed list contained nearly 1000 bookings for a visit to the exhibitions in 
the museum for three months which included both primary and secondary schools, and other 
institutions or groups. As the list did not categorise the booking according to the exhibition, 
potential schools to be invited for the research experiment needed to be identified manually 
by scanning through the list one by one.  
The search was carried out looking for schools that fulfilled the following criteria: 
i) they were planning to visit the Dinosaur Walk exhibition;
ii) their students were aged ten to twelve; and
iii) the school programme indicated they should be able to spend the time to
undertake the experiment.
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The abovementioned task revealed there were only four museum-visit bookings that matched 
with criteria (i) and (ii) for that time period. Criteria (iii) was quite tricky to achieve as the 
schools were allocated only one-hour for the entire museum-visit activities, and the booking 
time varied throughout the day according to a particular date. This timing was due to the 
individual school’s educational programme timetabling arrangement, purposely to avoid 
congestion within the museum’s exhibition areas. On the other hand, as stated on the booking 
list, some schools came from regional areas and already had other outings planned in place 
before or after the museum visit. Based on this information, it was then realised that it was 
almost impossible to get the schools (from the booking list) to participate in the research study 
due to the rigid technicality of the research schedule (Figure 4.16) and the experimental 
procedure (see Appendix B-1). Because the whole experiment was anticipated to take two-
hours, following the research schedule was far from achievable if conducted within the 
school’s original museum visitation plan (timing of necessary preparation activities 
(CSA/pretest) and duration of the museum-visit). Therefore, this recruitment strategy was 
abandoned.  
The second strategy was to send an invitation to schools in Melbourne CBD area and the 
nearby suburbs (within 20km radius from the CBD) to participate in the research study. The 
list of schools identified from http://www.australianschoolsdirectory.com.au. The following 
searching strategy was adopted and returned a list of 64-schools. 
State [Victoria] > Region [Melbourne CBD] > include nearby suburbs > 
Type [Government]; Level [Primary]; Gender [Co-Ed]. 
Letters of invitation (Appendix 5-7) were sent to the principals of the schools identified from 
the list. Appointments for a meeting with the principals were made (if the principal could 
allocate his/her time) in advance to enable face-to-face communication with them, expecting 
that it would increase the chance of getting the school to participate if the researcher could 
explain in person the educational benefits of the research project. The invitation included the 
letter of invitation to each principal explaining the research purpose, briefly describing the 
experimental design and stating that there was approval from the Department of Education 
and Early Childhood Victoria and the University HREC for the research to be conducted (refer 
to Appendix A-5 and A-3).  In all cases, the invitation was delivered by hand and follow-ups 
were carried out through emails and phone calls.  
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In the feedback received, many of the principals found that the research study was beneficial 
to the students’ learning process and school’s educational programme; and many were 
interested in participating. Nevertheless, for the researcher, this recruitment outcome was 
very disappointing and distressful as they had to turn down the invitation due to several 
reasons. Among common reasons were that: (i) the computer facilities were not ready or were 
disabled temporarily due to the upgrading project of the school facilities underway with a 
current Australian Government grant; (ii) the inability of the school to find a suitable time to 
fit the research activity into the school yearly planning schedule which had been prepared well 
ahead; and (iii) the shortage of teachers to in-charge the school’s involvement in the research 
study. Another factor hindering the school participation was the school holidays which had a 
limited/reduced the timeframe to conduct the research experiment(s). At year end, it was 
decided to abort the full recruitment process (again). The research proceeded with schools 
already agreeing to participate; even though the consequences may affect the data analysis. 
Overall, only three schools agreed to participate in the research study.  
Following the principal’s agreement to participate, a meeting was held between the 
particular-principal and the researcher to discuss the research conduct in detail. Teachers of 
the grade five/six class groups identified to participate in the study were also involved in the 
meeting. Issues such as: computer technicalities and usage; computer software (running the 
CSA); a venue where the experimentation would be conducted; transportation of students 
from the school to the Melbourne Museum; and gaining the necessary parent/guidance 
consent were discussed and decided during this meeting. Schedules for the CSA test and the 
museum-visit were also determined in the meeting. In total, there were 100 participants (38-
female and 62-male) from the three schools involved in the research study (school-RG; RM; 
and BV). Although there were 100 participants who took part in the beginning of the 
experiment, overall, only 91-participants were considered for the data analysis, as there were 
9-participants who did not complete all the required activities. The distribution of the research 
participants is illustrated in Table 4.8 as follows: 
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Table 4.8:  Distribution of participants according to schools 
School Gender Total Total Completed Female Male 
RG 5 18 23 22 
RM 14 19 33 28 
BV 19 25 44 41 
Total 38 62 100 91 
4.12.2 Main experiment research procedure 
Just like the calibration study, the main experiment’s procedure was divided into two stages; 
the first one was the CSA test, and the second was the experiment involving the museum-visit 
instructional treatments. Before the experiment, all participants were required to undergo 
the CSA to identify the participants’ cognitive preferences. The test was carried out before the 
experiment took place, depending on the agreed schedule with the particular school. In 
making sure that the computer technical aspects ran smoothly on the experiment day, there 
was a discussion with the school IT technician to address the network/technical requirement 
relating to the CSA installation and for getting the computers ready. With the help of the IT 
technician, the CSA software was installed and tested to ensure it ran smoothly before the 
testing day. The technical preparation was finalised several days before the main experiment 
was conducted.  
However, although the number of computers allocated for the research study (by each school) 
was supposed to match the number of participating students; some computers were unable 
to be used (due to technical malfunction) on experiment day. For example: in School BV, 
20-laptops had been installed and tested with the CSA software beforehand; but on the 
testing-day, only 12 were usable. As a result, to complete the CSA test in that school, 
participants were called in batches according to number of available computers. The number 
of computers used for the experiments varied according to school’s computer facilities, as 
shown in Table 4.9.  
Table 4.9: Allocation and venue of computers used in the main experiments 
School CSA test Online visit Venue 
School RG Desktops (24) Desktops (24) Library 
School RM Desktops (40) Desktops (40) Library 
School BV Laptops (12) Laptops (12) Staff meeting room 
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On the CSA test day, after the participants took their seat, they were briefed on the research 
study and instructed how to do the test. Each participant was given the CSA interpretation 
sheet (Appendix B-5), in which they were required to provide their name, age and gender as 
well as to record the ratio of their cognitive style. As it was essential to ensure that the 
participants stay calm and relaxed for the test, they were not told the real reason of the test 
(that is to measure their cognitive style), yet the test was described to them as a ‘game or 
quiz’ to sound like it was fun. Although the CSA manual states that the test could be finished 
within 30-minutes; to avoid anxiety, participants were informed that they could take as long 
as they needed to complete the test.   
Based on the observation during the calibration study, it was also revealed that most of the 
participants in the main experiment took less than 30-minutes to finish the CSA. The 
participants were also reminded to work independently and quietly throughout the CSA. 
Those who finished early needed to remain seated until the other participants completed the 
test. At the end of the CSA, the computer calculated the ratio for both cognitive style 
dimensions. This ratio was used later by the researcher to determine the participant’s position 
on a CSA treatment allocation graph (see Figure 4.18). Although the data were automatically 
generated and stored in a data file in the researcher’s computer’s hard-disk, participants were 
required to record their cognitive style ratio on the given CSA interpretation sheet (Appendix 
B-5) for back up purposes. As these involved recording figures, this task was carried out with 
the help of the researcher. When each participant held up their hand to signal that they had 
finished the test, the researcher helped them to write their ratio onto the CSA interpretation 
sheet given to them earlier. Once the participants completed the test, they were kept under 
a teacher’s supervision and isolated in a different classroom (away from those who had not 
undergone the CSA test). This process was conducted repeatedly in the schools in which the 
participants had to take turn using the computers. The same procedure was used for all the 
schools involved in the main experiment.  
There was a minimum of a one-week interval between the CSA and the main experiment to 
provide an adequate analysis of the CSA data. The participants’ demographic data and their 
CSA ratios were recorded into an Excel file by the researcher.  
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Each participant was assigned a codename in a separate file to ensure anonymity. 
Nevertheless, the codename allowed the researcher to identify necessary participant 
information, such as gender and age, and their school.  
For example: 
Participant codename RG0510MAV1
Indicates that the participant was from school RG, listed as number 05 on 
the participants' list, aged 10 and is a Male, identified as Analytic-Verbaliser 
for the cognitive preferences and assigned to Treatment1.  
Then using the anonymous data file, the researcher generated a school-based scatter graph 
plotting each participant’s CSA ratio used to split the participants into two treatment groups. 
Each pair of participants with nearest CSA ratios was identified; one-participant was assigned 
to the web-based museum-visit (Treatment 1) and the other assigned to the physical museum-
visit (Treatment 2). An example of participants’ random distribution into treatment groups is 
illustrated in Figure 4.18. The researcher only revealed the participation list for both treatment 
groups on the day of the experiment.  
Figure 4.18 :  Example of random distribution of participant into instructional treatment groups 
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0.00 
0.5 
1.00 
1.50 
2.00 
2.50 
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 
Verbaliser-Imager ratio 
W
ho
lis
t-A
na
ly
tic
 ra
tio
 
Treatment1 Treatment2 
Research Methodology 
112 
The conduct of the experimental activities followed the research experimental procedure in 
Appendix B-1. As depicted in Table 4.9 earlier, the web-based museum-visit (Treatment 1) 
utilised the school-based computer facilities. Instructions on what to do and how to complete 
the tasks were explained in a task sheet provided to the participants at the beginning of each 
session (refer to earlier Section 4.5.3). Similar to the CSA test, they were reminded to complete 
each of the tasks independently and quietly. Based on the validation of the research design in 
the calibration experiment, 30-minutes were allocated for the participants to complete the 
tasks required starting with the pretest assessment instrument. Once the pretest had been 
completed, they were collected before further instruction was given for the participants to 
proceed with the 30-minutes online museum experience.   
During the online museum experience, participants were informed of the tasks they needed 
to do and reminded to work alone. To assist them with what they were required to do, the 
researcher gave each participant a handout containing these instructions. As the experiment 
only used the Meet the Skeletons section of the Dinosaur Walk exhibition webpages, the 
participants were clearly instructed that their tasks were limited to the Meet the Skeletons 
section only (the rationale for this was explained earlier in Section 4.3). Nevertheless, they 
were also informed by the researcher that there was no restriction on which way or how they 
would like to browse/navigate the allocated pages. Examples of the website pages are 
pictured in Figures 4.19a, 4.19b and 4.19c. After 30-minutes, all participants were asked to 
turn off their computer. The posttest then followed this instructional treatment activity. The 
time allocated for the posttest was also 30-minutes. In all sessions, participants were 
reminded and monitored to work independently. The total experiment for Treatment 1 was 
conducted within two-hours.  
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for the experiment 
Figure 4.19a : Dinosaur Walk exhibition main page (courtesy of Melbourne Museum) 
Figure 4.19b: List of dinosaurs under the Meet the Skeletons (courtesy of Melbourne Museum) 
The link of content used 
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Figure 4.19c : Dinosaur informational text (courtesy of Melbourne Museum) 
As Treatment 2 needed to be conducted in the museum, all students were transported to 
Melbourne Museum by bus (please see the logistic process as explained in section 4.11.2). In 
contrast to Treatment 1, the Treatment 2 experiment was conducted without a computer in 
a pre-booked activity room at the Melbourne Museum on the very same day as the Treatment 
1 was held at the school. In this activity room, the participants were seated four to a table. 
Like the Treatment 1 experiment, Treatment 2 participants were also given 30-minutes to 
complete the pretest. After all the pretest assessment instruments had been collected, the 
participants were brought into the Dinosaur walk exhibition floor (see Figure 4.20) to 
experience the physical museum-visit. This museum-visit took 30-minutes and was followed 
by the posttest. The posttest was conducted in the same activity room with 30-minutes 
allocated for the test. Similarly, the total timing for Treatment 2 experiment also took not 
more than two-hours (this period was inclusive with the time taken for movements to and 
from the activity room to the Dinosaur Walk exhibition). The research activities are 
summarised and presented in Table 4.10. 
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Table 4.10: Research activities. 
Task Duration of task Participants Venue 
CSA 30 minutes The whole cohort At the school 
Pretest 
(Prior domain knowledge) 
30 minutes Treatment 1 At the school 
Treatment 2 At the museum 
Museum visit 30 minutes Treatment 1 At the school Treatment 2 At the museum 
Posttest 30 minutes Treatment 1 At the school Treatment 2 At the museum 
Figure 4.20 : One of the dinosaurs’ skeletons on display at the physical exhibition 
(courtesy of Melbourne Museum) 
Nevertheless, for school BV, the experiment conducted had to be altered for Treatment 1 due 
to the limited number of computers available, hence did not allow all students to participate 
in the experiment simultaneously. Therefore, they had to be divided into two sessions: A and 
B. Both sessions still followed the experimental procedure (Appendix B-1) but with a little 
modification. Group A started the session with the pretest, and then when group A moved to 
the next activity to visit the online museum, group B came in for the pretest. The movement 
continued until group B finished the posttest. The schedule had to be altered due to time 
limitation as all students needed to be on the same bus for the museum trip homeward.  
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By doing this, the researcher not only solved the problem of the inadequate number of 
computers but also saved time. If group B only started the session after group A was 
completed, this process would have taken about 4 hours; therefore, hindering the experiment 
from running as planned. In total, school BV finished Treatment1 with additional 30 minutes 
compared to the planned research schedule (Appendix B-1). The altered Treatment1 schedule 
for school BV is shown in Table 4.11. 
Table 4.11: Altered Treatment1 schedule for school BV. 
Session Classroom A Pretest 
Staff meeting 
room 
Online museum-
visit 
Classroom B 
Posttest 
1st 30-min A 
2nd  30-min B A 
3rd 30-min B A 
4th  30-min B 
4.13 Summary 
This chapter discussed the ISD process involved in organising the museum-visits and detailed 
the six research phases that were involved in the experimental treatments (web-based 
museum-visit – Treatment 1 and physical museum-visit – Treatment 2) and the development 
of the assessment instruments (pretest and posttest) used for the data collection. The second 
research phase involved the calibration study that was conducted to validate the assessment 
instrument as well as to check the reliability of the research design. The final research phase 
involved the main experiment, which yielded the results to answer the research questions. 
The next chapter will focus on the data analysis and the results of the calibration study that 
was conducted to validate the reliability of the assessment instrument.  
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5 Chapter 5 : Calibration Study:Testing Instrument Validation 
5.1 Overview 
This chapter presents the statistical analysis of data collected during the calibration study that 
was conducted with 30-primary school participants from a Melbourne-based Central Business 
District (CBD) primary school. As discussed in section 4.11 in the previous chapter, this study 
tested the validity and reliability of the assessment instruments (pretest and posttest items) 
and the research design schedule. Henceforth this chapter presents the data analysis as 
evidence that the test-items were valid in terms so far as the intended dinosaur knowledge 
constructs were empirically ready for the main experiment.  
The Quest Interactive Test Analysis System (Adams & Khoo, 1996) was used to obtain the 
estimates of the 30-participants' performances. The importance of this work was to check 
whether the students’ cognitive performances fit the Rasch model or not and to ensure that 
the results produced were valid. Based on these Quest estimates, the test-items were 
examined to consider: (i) how well the test-items discriminated between participants; (ii) that 
the response categories were scored in the correct order; and (iii) whether the test-items were 
measuring the same construct (Wu & Adams, 2007). This technique was an iterative analysis, 
as the inappropriate test-items needed identifying; then appropriate action towards those 
test-items taken, based on the elimination criteria set by the Quest fit statistics. It was also 
important to note that the test-items difficulty values were established based on the 
calibration study, that also provided the anchored values for further investigation in the main 
experiment (as mentioned in section 4.12 in the previous chapter).   
This chapter also discusses the results derived from cognitive performance analysis. These 
results will be presented based on the single cognitive style dimensions (SCSD) Wholist-
Analytic: Verbaliser-Imagery continuums and the combined cognitive style dimensions (CCSD) 
that depicted: Wholist-Imager; Wholist-Verbaliser; Analytic-Imager; and Analytic-Verbaliser.  
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Furthermore, the interactive effects of the cognitive media preferences and instructional 
treatments (web-based museum-visit Treatment 1 or physical museum visit Treatment 2) on 
the participants’ performance outcomes will also be highlighted.  
 
This chapter is divided into the following sections: 
• cognitive styles analysis results; 
• analysis of the pretest; 
• analysis of the posttest;  
• the validated testing-instruments; 
• cognitive performance outcomes analysis; and 
• summary 
5.2 Cognitive styles analysis results 
In the beginning, some 34-students took part in the Calibration study; however, four students 
decided not to proceed with the museum-visit activities therefore only 30-students who 
completed the research schedule activities were considered for the analysis. The participants’ 
cognitive preferences were measured using the Cognitive Style Analysis (CSA) software 
(Riding, 1991). The CSA analysis of the cognitive ratio revealed the Wholist-Analytic continuum 
minimum ratio of 0.7 and a maximum ratio of 2.22, while the Verbaliser-Imager continuum 
recorded a minimum ratio at 0.69 and the maximum ratio at 2.98. Table 5.1 shows a summary 
of participants based on their cognitive preference style. 
 
Table 5.1: Summary of participants based on the cognitive preference style 
SCSD Total (N=30) 
Wholist 12 
Analytic 18 
Verbaliser 10 
Imager 20 
CCSD Total (N=30) 
Wholist-Imager 12 
Wholist-Verbaliser 6 
Analytic-Imager 8 
Analytic-Verbaliser 4 
 
The participants were then allocated to the respective treatment groups, as explained earlier 
in Section 4.11.2 Research Procedure in Chapter 4. The distribution of participants, according 
to treatment groups, is displayed in the following Figure 5.1. 
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Figure 5.1 :  Distribution of participants according to treatment. 
 
 
The details of the cognitive performances will be discussed later in this chapter in section 5.7. 
The next section will now describe the analysis of the calibration process of both the pretest 
and posttest in determining the validity and reliability of both assessment instruments. 
 
5.3 Analysis of the pretest 
The pretest consisted of 22-test-items with four-partial credit-scored test-items and 
18-dichotomous scored test-items. The test-items calibration process was conducted with the 
group of 30-participants according to the research procedure, as discussed in chapter-4 
subsection 4.11.2. The following subsections here discuss the instrumentation calibration 
process, step-by-step in which the misfit test-items were identified in each run of the Quest 
estimate until all the test-items fit the Rasch model. 
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5.3.1 Pretest run-1 
The most important reason for conducting this calibration study was to ensure that all test-
items fit within the Rasch measurement model; hence valid in terms of their ability to access 
the participants' museum-visit learning experiences. The Quest ‘item fit map’ as shown in 
Figure 5.2 depicts all the pretest items involved in the analysis except for item-20_Q14. This 
map was used to examine which test-items fit the Rasch model, and at the same time 
discriminated the test-items, which were not fitting. This map provided evidence of whether 
the test-items lie within the acceptable range of 0.77 and 1.30 of the model (Bond & Fox, 
2007). Observation of the item fit map output (Figure 5.2) clearly indicated the test-items 
(presented as asterisks) lie within the two dotted (threshold) lines marking the 0.77 and 1.30 
of the acceptable range. Figure 5.2 identified 21-items from 22-test-items fit the model with 
item 20_Q14 missing from the map. In a normal situation, the overfit items (with estimates 
less than 0.77) will appear on the left-hand side of the map and therefore may signify they are 
redundant or measure the same thing as another test-item and may need to be removed from 
the estimate, while the underfit item (with estimates over 1.30) will appear on the right-hand 
side of the map and deemed as bad-items that need to be removed from the estimate. As 
item 20_Q14 cannot be located on the map, this warranted further investigation by observing 
the ‘item estimate (thresholds) in input order’ output (see Table 5.2). 
                                                
(Calibration Study Pretest_Run1)                                                               
------------------------------------------------------------------------------------------------------ 
Item Fit                                                                                        
all on all (N = 30 L = 22 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      1.60      1.80      
2.0 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+----- 
  1 Q1a                                     .            * |              . 
  2 Q1b                                     .              |           *  . 
  3 Q1c                                     .              |  *           . 
  4 Q1d                                     .             *|              . 
  5 Q1e                                     .             *|              . 
  6 Q2                                      .              |  *           . 
  7 Q3a                                     .          *   |              . 
  8 Q3b                                     .  *           |              . 
  9 Q3c                                     .     *        |              . 
 10 Q4                                      .          *   |              . 
 11 Q5                                      .      *       |              . 
 12 Q6                                      .              |      *       . 
 13 Q7                                      .              |         *    . 
 14 Q8                                      .              |*             . 
 15 Q9                                      .              *              . 
 16 Q10                                     .              |     *        . 
 17 Q11                                     .              *              . 
 18 Q12                                     .       *      |              . 
 19 Q13                                     .     *        |              . 
 21 Q15                                     .              |    *         . 
 22 Q16                                     .              |*             . 
========================================================================================================= 
 
Figure 5.2 : Quest item fit map 
Item20_Q14 is 
missing from the map 
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The ‘item estimates (thresholds) in input order’ as depicted in Table 5.2 identified item 
20_Q14 had a perfect score and hence was not included in the analysis. The other 21-test-
items were a fit of the model with Infit MNSQ values spread from 0.81 to 1.25 on the scale. 
This item-estimate (as in Table 5.2) also revealed that the mean for Infit MNSQ is 1.00 fit the 
expected value (Bond & Fox, 2007; Adams & Khoo, 1996). The MNSQ of 1.00 was also 
considered a good fit on item separation reliability (ISR) (Wright & Masters, 1982), which 
indicated how well items were separated by the participants' performances (Wright & Stone, 
1999).  
 
Further detail on the perfect scored test-item is shown in the Quest ‘Item analysis results for 
observed responses’ output as in Table 5.2. The Quest estimate identifies a test-item as a 
perfect score test-item if all participants answered the test-item correctly, whereby the test-
item could not discriminate between knowledgeable and unknowledgeable participants; 
therefore providing no information for the calibration analysis (Yuan, 2005). There was also a 
possibility to have a zero score item whereby all participants answered incorrectly, and since 
this item did not provide the required information, it was not included in the analysis. 
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Table 5.2: Quest item estimates (thresholds) in input order 
(Calibration Study Pretest_Run1)                                                               
--------------------------------------------------------------------------------------------------------- 
Item Estimates (Thresholds) In input Order                                                      
all on all (N = 30 L = 22 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------------------- 
    ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S                           |  INFT  OUTFT INFT  OUTFT            
                   |            |    1       2       3       4       5   |  MNSQ  MNSQ   t     t               
--------------------------------------------------------------------------------------------------------- 
1   Q1a            |    24   30 |  -1.01                                 |    .96   .77   -.1   -.5 
                   |            |     .48                                | 
                   |            |                                        | 
2   Q1b            |     7   30 |   1.72                                 |   1.25  1.48   1.1   1.2 
                   |            |     .45                                | 
                   |            |                                        | 
3   Q1c            |    23   30 |   -.81                                 |   1.07  1.06    .4    .3 
                   |            |     .45                                | 
                   |            |                                        | 
4   Q1d            |    19   30 |   -.13                                 |    .98  1.00   -.1    .1 
                   |            |     .40                                | 
                   |            |                                        | 
5   Q1e            |    25   30 |  -1.25                                 |    .98   .82    .1   -.2 
                   |            |     .51                                | 
                   |            |                                        | 
6   Q2             |    21   58 |   -.13    2.89                         |   1.06  1.05    .3    .3 
                   |            |     .75    1.08                        | 
                   |            |                                        | 
7   Q3a            |    11   30 |   1.04                                 |    .93   .90   -.5   -.3 
                   |            |     .40                                | 
                   |            |                                        | 
8   Q3b            |     9   30 |   1.36                                 |    .81   .73  -1.1   -.9 
                   |            |     .42                                | 
                   |            |                                        | 
9   Q3c            |    15   30 |    .46                                 |    .85   .81  -1.3   -.8 
                   |            |     .39                                | 
                   |            |                                        | 
10  Q4             |    55   60 |  -1.88   -1.12                         |    .93   .85    .0    .0 
                   |            |    1.31    1.16                        | 
                   |            |                                        | 
11  Q5             |    50   60 |  -1.53    -.45                         |    .87   .78   -.3   -.3 
                   |            |    1.00     .85                        | 
                   |            |                                        | 
12  Q6             |    15   30 |    .46                                 |   1.14  1.18   1.1    .8 
                   |            |     .39                                | 
                   |            |                                        | 
13  Q7             |    11   29 |   1.02                                 |   1.19  1.23   1.3    .9 
                   |            |     .40                                | 
                   |            |                                        | 
14  Q8             |    23   29 |           -.97                         |   1.01  1.22    .1    .6 
                   |            |             .48                        | 
                   |            |                                        | 
15  Q9             |   106  150 |  -1.72    -.66    -.52     .64     .64 |   1.00   .95    .1    .0 
                   |            |    1.13     .82     .79     .42     .42| 
                   |            |                                        | 
16  Q10            |    15   29 |    .41                                 |   1.11  1.13    .9    .6 
                   |            |     .39                                | 
                   |            |                                        | 
17  Q11            |    12   30 |    .89                                 |    .99   .95    .0   -.1 
                   |            |     .39                                | 
                   |            |                                        | 
18  Q12            |    23   29 |   -.93                                 |    .88   .84   -.4   -.3 
                   |            |     .48                                | 
                   |            |                                        | 
19  Q13            |    11   28 |    .99                                 |    .84   .79  -1.2   -.8 
                   |            |     .41                                | 
                   |            |                                        | 
20  Q14            |     0    0 | Item has perfect score                 |                                   
                   |            |                                        | 
                   |            |                                        | 
21  Q15            |    21   29 |   -.53                                 |   1.10  1.08    .5    .3 
                   |            |     .44                                | 
                   |            |                                        | 
22  Q16            |    24   30 |  -1.01                                 |   1.02  1.21    .2    .6 
                   |            |     .48                                | 
                   |            |                                        | 
--------------------------------------------------------------------------------------------------------- 
Mean               |            |    .00                                 |   1.00   .99    .1    .1 
SD                 |            |   1.03                                 |    .12   .20    .7    .6 
========================================================================================================= 
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The analysis output of the observed response (Table 5.3) revealed that the discrimination 
value (Disc) was equal to 0.00. Looking closely at item 20_Q14 revealed that this test-item was 
a dichotomous test-item whereby a '1' mark was allocated for a correct answer and '0' for a 
wrong answer. As discussed in section 4.10.6, in the case of a missing value or no answer, the 
score was marked as ‘X’ and was not treated as a wrong answer. This test-item asked the 
participants to name a country where dinosaur fossils had been found; nonetheless, this 
question was open to many possible answers. During the design and development of this test-
item, the question seemed plausible in order to access the likely diversity of the participants’ 
experiential knowledge. However, the calibration analysis helped to identify that test-item-
20_Q14 was considered as a bad test-item as it allowed for too many options, hence creating 
a higher opportunity for the participants to answer the test-item correctly. This option, 
therefore, showed the inability of that test-item to discriminate the participants according to 
their ability. In this case, 29-participants answered this test-item correctly (with 1-missing 
value, indicating that 1-participant did not answer this test-item). This instance was an 
indicator that the test-item was not able to differentiate between the participants with higher 
ability and participants with lower ability. Furthermore, The Infit MNSQ value was 0.00; which 
was less than 0.5, indicated that this test-item was less productive for measurement and may 
have been misleadingly for providing high reliability and separation coefficients (Linacre, 
2002). In this case, it demonstrated the importance and the advantage of using a Rasch 
measurement analysis, as it afforded direct observation of the test-items' ability and an 
inability for assessing the participants’ performances.  
 
Table 5.3: Quest item analysis results for observed responses for test-item-20_Q14 
 
Item   20: Q14                                 Infit MNSQ =  .00 
                                                     Disc =  .00 
   
Categories                    0         1         2         3         4         5      missing 
  
Count                0         0        29         0         0         0         0         1 
Percent (%)         .0        .0     100.0        .0        .0        .0        .0 
Pt-Biserial         NA        NA       .00        NA        NA        NA        NA 
p-value             NA        NA      .500        NA        NA        NA        NA 
Mean Ability        NA        NA       .57        NA        NA        NA        NA      -.82 
  
Step Labels                   1 
  
Thresholds 
Error 
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Although the other 21-test-items fit the model (as depicted in the item fit map: Figure 5.2) 
and that the Infit MNSQs were within the acceptable range (as shown in the item estimate’s 
thresholds in input order: Table 5.2), further investigation into the item analysis results of 
these items (items Q1b, Q7, Q8 and Q9) was warranted for observed responses to provide 
further vital details relating to these test-items. For example (see Table 5.4), test item2_Qb1 
with Infit MNSQ of 1.25, had a negative discrimination value (Disc=-0.09). As previously 
discussed, the discrimination value provided the evidence of a test-item to differentiate 
between participants with higher and lower ability. In this case, the discrimination value was 
negative, indicating that test-item-2_Q1b was able to differentiate between the participants’ 
ability. Nevertheless, the analysis output showed that the performance of this test-item was 
better (scoring a '2' mark) by participants with a lower ability (mean ability = 0.31) than the 
participants with a higher ability (mean ability = 0.51) who scored a mark of '1.'. This result 
was the case where the scoring category disordering occurred whereby the person with higher 
mean ability should have scored higher; instead, it had a poorer score compared to those with 
a lower ability (Wu & Adams, 2007). 
 
Table 5.4: Quest item analysis results for observed responses – test-item 2_Q1b 
 
Item    2: Q1b                                 Infit MNSQ = 1.25 
                                                     Disc = -.09 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        23         7         0         0         0         0         0 
Percent (%)         .0      76.7      23.3        .0        .0        .0        .0 
Pt-Biserial         NA       .10      -.10        NA        NA        NA        NA 
p-value             NA      .303      .303        NA        NA        NA        NA 
Mean Ability        NA       .51       .35        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  1.72 
Error                        .45 
 
 
 
Another test-item of interest was test-item-13_Q7 with a small discrimination value of 0.07. 
A closer examination of the analysis output (see Table 5.5) showed that the ability of those 
who correctly and incorrectly answer this item revealed a slight difference (0.48 and 0.56).  
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Table 5.5: Quest item analysis results for observed responses – test-item 13_Q7 
 
Item   13: Q7                                  Infit MNSQ = 1.19 
                                                     Disc =  .07 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        18        11         0         0         0         0         1 
Percent (%)         .0      62.1      37.9        .0        .0        .0        .0 
Pt-Biserial         NA      -.11       .11        NA        NA        NA        NA 
p-value             NA      .283      .283        NA        NA        NA        NA 
Mean Ability        NA       .48       .56        NA        NA        NA        NA      -.58 
  
Step Labels                   1 
  
Thresholds                  1.02 
Error                        .40 
 
 
 
The next item of interest was test-item 14_Q8, as shown in Table 5.6. Despite the Infit MNSQ 
of 1.01, the discrimination value of this item was 0.00. This result could have been due to the 
differences of scoring marks of a '1' and a '2' in comparison to the participants’ ability at 0.15 
for scoring a '1' mark and 0.56 for scoring '2' marks. It could, therefore, be interpreted that 
this test-item should differentiate the participants better given the larger score range.  
 
Table 5.6: Quest item analysis results for observed responses – test-item-14_Q8 
 
Item   14: Q8                                  Infit MNSQ = 1.01 
                                                     Disc =  .00 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         0         6        23         0         0         0         1 
Percent (%)         .0        .0      20.7      79.3        .0        .0        .0 
Pt-Biserial         NA        NA      -.27       .27        NA        NA        NA 
p-value             NA        NA      .082      .082        NA        NA        NA 
Mean Ability        NA        NA       .15       .56        NA        NA        NA       .30 
  
Step Labels                   1         2 
  
Thresholds                            -.97 
Error                                  .48 
 
 
The next item was test-item 15_Q9, which involved a partial credit scoring strategy. The 
observed response of this test- item revealed that this item had a perfect Infit MNSQ value of 
1.00 and discrimination value of 0.66. Closer examination of the participants’ ability for each 
scoring category respectively, justified the capability of this test-item discriminating a 
participant with higher and lower ability. As shown in Table 5.7, participants with a mean 
ability of -0.92 (very low ability) scored a '0' mark or in other words, could not answer this 
test-item.  
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By comparison, the highest marks achieved was a '5,' was scored by participants with the 
highest ability of 1.02. The middle range marks were scored relatively by participants with 
different abilities. The overall pretest test-item analysis results for observed responses have 
been referred to in Appendix D-2-3.  
 
Table 5.7: Quest item analysis results for observed responses – test-item 15_Q9 
 
Item   15: Q9                                  Infit MNSQ = 1.00 
                                                     Disc =  .66 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         1         3         1        12         0        13         0 
Percent (%)         .0       3.3      10.0       3.3      40.0        .0      43.3 
Pt-Biserial         NA      -.37      -.12      -.15      -.30        NA       .56 
p-value             NA      .021      .257      .207      .053        NA      .001 
Mean Ability        NA      -.92       .09      -.16       .14        NA      1.02        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                 -1.72      -.66      -.52       .64       .64 
Error                       1.13       .82       .79       .42       .42 
 
 
The overview of the test-item difficulty and participants’ ability is depicted in a Quest variable 
map (see Figure 5.3) that visually shows the relationship between assessment item difficulty 
and the participants’ performance. The distributions of the participants' and test-items' 
difficulty are transformed onto one scale (the logit scale), allowing the level of test-item 
difficulty and the participant ability to be directly compared. The average is set at the logit 
value of 0. The left-hand column used to locate participants (case) performances, while the 
right-hand column used to locate test-item difficulty. Based on the logit scale, the higher the 
value (positive), the more able the participant was to answer test items, and the participant 
located further down the scale means they have the lower ability. The same goes for test-
items located at the top of the scale were the harder test-items and the ones that were further 
down the scale were the easier test-items. The spaces between test-items and participants 
substantively represent the underlying variable (Tan & Yates, 2007). As each test-item and 
participant is mapped this way, it is possible to see if the test-items fit the persons’ ability.  
 
The Quest variable map (Figure 5.3), showing the 21-test-items, was calibrated using 30-
participants, indicated that the participant ability ranges between -1.0 and 1.8. The Quest 
variable map indicated that two difficult test-items exceeded the participant ability with test-
item 6_Q2.2 located beyond the participant's achievement.  
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Furthermore, this map shows that there were test-items (Q1e, Q4.1/4.2, Q5.1 and Q9.1) 
located lower than -1.0 logit, hence it was easy for the participant with the lowest ability. 
 
---------------------------------------------------------------------- 
Item Estimates (Thresholds)                  
All on all (N = 30 L = 22 Probability Level= .50)                                                              
---------------------------------------------------------------------- 
   
  3.0                            | 
                                 |      Q2.2 
                                 | 
                                 | 
                                 | 
                                 | 
                                 | 
                                 | 
                                 | 
                                 | 
                                 | 
  2.0                            | 
                                 | 
                                 | 
                                 |    Q1b 
                           XXX   | 
                                 | 
                                 | 
                            XX   |    Q3b 
                                 | 
                                 | 
                           XXX   | 
  1.0                            |    Q3a    Q7     Q13 
                           XXX   |    Q11 
                                 | 
                            XX   | 
                                 |        Q9.4  Q9.5 
                             X   | 
                                 |    Q3c    Q6     Q10 
                         XXXXX   | 
                             X   | 
                           XXX   | 
                                 | 
   .0                            |                                                      
                                 |    Q1d  Q2.1 
                             X   | 
                             X   | 
                             X   | 
                                 |      Q5.2 
                             X   |    Q15    Q9.3   
                             X   |      Q9.2 
                                 | 
                                 |    Q1c 
                             X   |    Q12 
 -1.0                        X   |    Q1a    Q16  Q8.2     
                                 |      Q4.2 
                                 | 
                                 |    Q1e 
                                 | 
                                 | 
                                 |     Q5.1 
                                 | 
                                 |     Q9.1 
                                 | 
                                 |     Q4.1 
 -2.0                            | 
---------------------------------------------------------------------- 
  Each X represents    1 student 
Figure 5.3 : Quest variable map of the pretest run-1 
 
As all the pretest test-items (except for test-item 20_Q14) fit the model, there was no need to 
delete any of the remaining test-items from the analysis. The overall analysis of the pretest 
calibration analysis is summarised in the summary statistics (see Table 5.8). The Quest 
summary statistics for the test-item estimates generated from the calibration of the pretest 
conducted with 30-participants on 22-test-items revealed the estimate's reliability as 0.68, 
was considered as satisfactory on the expected range between '0' to '1' scale (Bond and Fox, 
2007). 
Hard Items 
compared to the 
students’ ability 
Easy Items 
compared to the 
students’ ability 
Majority of 
the students 
are above 
the middle 
line 
(average 
ability) 
Individual performance Test Item difficulty Note: The decimal point 
denotes partial credit score 
level 
Set the average on 
the logit scale 
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Table 5.8: Summary of the Quest test-item estimates for the pretest 
 
Summary of item Estimates 
========================= 
Mean                           .00 
SD                            1.03 
SD (adjusted)                  .85 
Reliability of estimate        .68 
 
Infit Mean Square     Outfit Mean Square 
Mean    1.00          Mean     .99 
SD       .12          SD       .20 
 
Infit t               Outfit t 
Mean     .06          Mean     .07 
SD       .72          SD       .58 
 
 
0 items with zero scores 
1 item with perfect scores 
 
 
 
 
The infit mean square (MNSQ) and outfit MNSQ statistics determined how well the individual 
item fit the model where the statistics for both should be in the range of 0.77 to 1.3 (Bond & 
Fox, 2007). The subsequent analysis yielded an infit MNSQ of 1.00 and outfit MNSQ of 0.99, 
which fit the expected value (Bond & Fox, 2007; Adams & Khoo, 1996). Test-items with infit 
MNSQ and outfit MNSQ below or higher than the range considered as misfits with 
unpredictable response patterns, therefore, should be modified or removed, according to 
Bond and Fox (2007). Furthermore, the MNSQ of 1.00 was also considered as a good fit on the 
ISR (Wright & Masters, 1982) that indicated how well test-items were separated by the 
participants’ performance (Wright & Stone, 1999). As for the Quest generated summary 
statistics for the participant (case) estimates revealed a reliability value of 0.63. The summary 
for the participant estimates is shown in Table 5.9.  
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Table 5.9: Quest summary of the participant (case) estimates for the pretest 
 
Summary of case Estimates 
========================= 
Mean                           .47 
SD                             .73 
SD (adjusted)                  .58 
Reliability of estimate        .63 
 
Infit Mean Square        Outfit Mean Square 
Mean     .99             Mean    1.00 
SD       .29             SD       .32 
 
Infit t                  Outfit t 
Mean     .04             Mean     .07 
SD       .69             SD       .68 
 
 
0cases with zero scores 
0 cases with perfect scores 
 
 
As illustrated in Figure 5.2, the Quest item fit map demonstrated the ‘unidimensionality’ of 
the test-items that meant the instrument measured a single (knowledge) construct. As 
discussed in section 4.11.3, the objective of this pretest analysis was to generate an ‘anchor 
file,’ used in the subsequent Quest estimate analysis run(s). Moreover, these anchor values 
(see Table 5.10) used an input file for conducting the posttest analysis.  
 
Table 5.10: Quest anchored values of the pretest 
 *(Calibration Study PreTest_Run1)                                                               
 
 *Item Estimates (Category Deltas)                                                          
 *all on all (N = 30 L = 20 Probability Level= .50)                                                                                                                                                      
 *------------------------------------------------ 
   1       -.987                                                                                                                                                                                         
   3       -.780                                                                                                                                                                                         
   4       -.090                                                                                                                                                                                         
   5      -1.219                                                                                                                                                                                         
   6       -.066    2.950                                                                                                                                                                                
   7       1.099                                                                                                                                                                                         
   8       1.422                                                                                                                                                                                         
   9        .505                                                                                                                                                                                         
  10      -1.246   -1.742                                                                                                                                                                                
  11      -1.145    -.827                                                                                                                                                                                
  12        .505                                                                                                                                                                                         
  13       1.081                                                                                                                                                                                         
  15      -1.534     .792   -2.223     .625                                                                                                                                                              
  16        .452                                                                                                                                                                                         
  17        .947                                                                                                                                                                                         
  18       -.885                                                                                                                                                                                         
  19       1.044                                                                                                                                                                                         
  21       -.487                                                                                                                                                                                         
  22       -.987                                                                                                                                                                                         
 
 
Quest output files for the calibration study pretest analysis can be viewed in Appendix D-1. 
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5.4 Analysis of the posttest 
The posttest test-items' calibration was conducted using the same procedure as the pretest. 
However, it is important to note here that due to changes made to the placement of the test-
items (from the pretest to posttest as discussed in Chapter 4 section 4.10.5), the scores of the 
related items were rearranged relatively to the item replacement in the pretest). The posttest 
items were then calibrated using the anchored values (see Table 5.10) generated from the 
calibration of the pretest. The anchoring strategy was essential to ensure that the pretest 
values were anchored to the test-items in the posttest, onto a single anchored test-items' 
difficulty scale (the same ruler). By doing this, the integrity of the scale being used was 
maintained and henceforth provided a valid comparison for the students’ achievement on 
both tests (Izard & Jeffery, 2003). This procedure was necessary to ensure that the differences 
in achievement in both tests were due to the treatment, rather than other possible causes, 
consequently controlling the threat to the internal validity (Izard, 2006).  
 
5.4.1 Posttest run-1  
In the first run of the posttest calibration exercise, the Quest item fit map (Figure 5.4) visually 
revealed that there were eight misfit items. These test-items were either an overfit (on the 
left-hand side of the dotted line with value of less than 0.77), suggesting test-item redundancy 
according to Bond and Fox (2007), or an underfit (on the right-hand side of the dotted line 
with value over 1.3), suggesting unreliable responses (Bond & Fox, 2007). To ensure that all 
test-items fit the model, misfit items (either overfitting or underfitting items) were excluded 
(deleted) from the calibration, although in some instances the misfit items were deemed to 
remain due to its necessity to be maintained in the test (Yuan, 2005). Nevertheless, for this 
research study, the misfit items were deleted and not included in the calibration. This deletion 
process was carried out carefully by deleting 1-item at a time, as it would affect the behaviour 
of all other items. To this end, the most misfitting test-item identified and deleted by the 
researcher first.  
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(calibration Study Posttest Run1)                                                             
--------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                        
all on all (N = 30 L = 22 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .25       .29       .36       .45       .63      1.00      1.60      2.20      2.80      3.40      
4.0 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+----- 
  1 Q1a                                               .    |    .* 
  2 Q1b                                               .    |    .                    * 
  3 Q1c                                               .    | *  . 
  4 Q1d                                               .   *|    . 
  5 Q1e                                              *.    |    . 
  6 Q2                                                .    |    .  * 
  7 Q3a                                               .    | *  . 
  8 Q3b                                               .    |    . * 
  9 Q3c                                               .    | *  . 
 10 Q4                                                .    |    .                                    * 
 11 Q5                                                .  * |    . 
 12 Q6                                                .   *|    . 
 13 Q7                                                .    | *  . 
 14 Q8                                                .    | *  . 
 15 Q9                                                .    |    .                          * 
 16 Q10                                               .   *|    . 
 17 Q11                                               .    |    * 
 18 Q12                                           *   .    |    . 
 19 Q13                                               .   *|    . 
 21 Q15                                               .   *|    . 
 22 Q16                                               .*   |    . 
========================================================================================================= 
 
    Misfit item 
Figure 5.4 : Quest item fit map of posttest run-1 
 
 
 
As illustrated in Figure 5.4, the most misfitting test-item was item10_Q4. Before the test-item 
was deleted, there was a closer examination of the observed responses (see Table 5.11) to 
better understand the context of this misfit test-item. This test-item involved partial credit 
test-item scoring with a '0,' '1,' '2' or a '3,' in an open-ended question format. As shown in the 
observed responses output in Table 5.11, the mean ability of those scoring ‘3’ was higher than 
the mean ability of those participants who scored a ‘2,’ and the mean ability of those scoring 
a ‘2’ was higher than those scoring a ‘1.’ In this instance, the scoring category disordering did 
not occur. However, the Quest estimate indicated an infit MNSQ value of 3.53 for test-item 
10_Q4, meant that the value was more than a '1.5,' hence it would distort or degrade the 
measurement model (Linacre, 2002). Therefore, this test-item was considered not to be a 
good test-item, and so should be deleted.  
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Table 5.11: Observed responses for the most misfit test-item 10_Q4 in Posttest Run-1 
 
Item   10: Q4                                  Infit MNSQ = 3.53 
                                                     Disc =  .29 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         0         4        13        13         0         0         0 
Percent (%)         .0        .0      13.3      43.3      43.3        .0        .0 
Pt-Biserial         NA        NA      -.23      -.12       .28        NA        NA 
p-value             NA        NA      .110      .258      .065        NA        NA 
Mean Ability        NA        NA       .01       .34       .66        NA        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                           -1.88     -1.12 
Error                                  .00       .00 
 
5.4.2 Posttest run-2 (item 10_Q4 was deleted) 
As mentioned earlier, the test-item removal process was carried out sequentially deleting 1-
test-item with each subsequent Quest estimate run. And so, the calibration process (run-2 of 
the posttest) was carried out deleting test-item 10_Q4. The Quest item fit map (see Figure 
5.5) shows the effect after this deletion, whereby there were still 5-misfit items. The 5-
remaining misfit test-items were 18_Q12, 6_Q2, 2_Q1b and 1_Q1a with test-item-15_Q9 
showing as the most misfitting test-item.  
 
 
(Calibration study Posttest Run2)                                                             
--------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                         
all on all (N = 30 L = 21 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .29       .33       .40       .50       .67      1.00      1.50      2.00      2.50      3.00      
3.5 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+----- 
  1 Q1a                                              .     |     .  * 
  2 Q1b                                              .     |     .                     * 
  3 Q1c                                              .     |  *  . 
  4 Q1d                                              .    *|     . 
  5 Q1e                                              *     |     . 
  6 Q2                                               .     |     .  * 
  7 Q3a                                              .     | *   . 
  8 Q3b                                              .     |     * 
  9 Q3c                                              .     |   * . 
 11 Q5                                               .   * |     . 
 12 Q6                                               .    *|     . 
 13 Q7                                               .     | *   . 
 14 Q8                                               .     |    *. 
 15 Q9                                               .     |     .                                      * 
 16 Q10                                              .    *|     . 
 17 Q11                                              .     |    *. 
 18 Q12                                           *  .     |     . 
 19 Q13                                              .    *|     . 
 21 Q15                                              .    *|     . 
 22 Q16                                              . *   |     . 
========================================================================================================= 
 
Figure 5.5 : Quest item fit map showing the misfitting test-items in run-2. 
Calibration Study: Testing Instrument Validation 
133 
Test-item 15_Q9 was a partial credit scoring test-item with either a '0,' '1,' '2,' ‘3,’ ‘4’ or a '5.' 
As shown in Table 5.12, 9-participants were unable to score any mark for the test-item, three-
participants were able to achieve a ‘1’ and a ‘2’ mark respectively, yet none of the participants 
managed to score a ‘4’ mark. However, 10 participants (one-third of the overall participants) 
managed to score the full ‘5’ marks. Further investigation of this estimate in the observed 
responses (see Table 5.12), revealed that although the discrimination value of this test-item 
was 0.65, there was an occurrence of scoring disordering whereby the scoring strategy was 
not achieved in accordance to the participants' mean ability (Wu & Adam, 2007). For example, 
participants who managed to score a ‘2 had a mean ability of -0.11’ whereas those only 
managing to score a ‘1 had a higher mean ability of 1.03.’ This situation was also observed for 
participants scoring a ‘3’ with a mean ability of only 0.61, compared with those only scoring a 
‘1’ with a mean ability of 1.03. Therefore, this clearly showed that this test-item did not 
discriminate the participants’ achievements well. Furthermore, the infit MNSQ for test-
item15_Q9 was 3.23, was bigger than the productive value range between 0.5 and 1.5 
(Linacre, 2002). Therefore, it was concluded that this was not a good test-item.   
 
Table 5.12: Observed responses for test-item 15_Q9 in posttest run-2 
 
Item   15: Q9                                  Infit MNSQ = 3.23 
                                                     Disc =  .65 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         9         3         3         5         0        10         0 
Percent (%)         .0      30.0      10.0      10.0      16.7        .0      33.3 
Pt-Biserial         NA      -.59       .28      -.28       .11        NA       .48 
p-value             NA      .000      .064      .065      .283        NA      .003 
Mean Ability        NA      -.14      1.03      -.11       .61        NA      1.14        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                 -1.72      -.66      -.52       .64       .64 
Error                        .00       .00       .00       .00       .00 
 
 
 
5.4.3 Posttest run-3 (item 15_Q9 was deleted) 
In run-3 (in which item 15_Q9 was deleted), the item fit map (see Figure 5.6) revealed another 
four misfit items that were an underfit of the model. These items were: item14_Q8 (the most 
misfit item), item6_Q2, Item2_Q1b and Item1_Q1a.  
 
Calibration Study: Testing Instrument Validation 
134 
(Calibration study Posttest run-3)                                                             
--------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                       
all on all (N = 30 L = 20 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      1.60      1.80      
2.0 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+----- 
  1 Q1a                                     .              |              .                    * 
  2 Q1b                                     .              |              .                      * 
  3 Q1c                                     .              |            * . 
  4 Q1d                                     .           *  |              . 
  5 Q1e                                     .         *    |              . 
  6 Q2                                      .              |              .       * 
  7 Q3a                                     .              |   *          . 
  8 Q3b                                     .              |*             . 
  9 Q3c                                     .              |              * 
 11 Q5                                      .        *     |              . 
 12 Q6                                      .              |         *    . 
 13 Q7                                      .              |*             . 
 14 Q8                                      .              |              .                        * 
 16 Q10                                     .    *         |              . 
 17 Q11                                     .              *              . 
 18 Q12                                     *              |              . 
 19 Q13                                     .         *    |              . 
 21 Q15                                     .              |  *           . 
 22 Q16                                     .            * |              . 
========================================================================================================= 
 
Figure 5.6 : Quest item fit map for posttest run-3 
 
As observed in Table 5.13, test-item 14_Q8 was a partial credit test-item scored as a '0,' '1' or 
'2.' At a glance, the test-item discriminated well between the able and less able participants 
with discrimination value of 0.35 and with no occurrence of the scoring disorder. However, 
with an Infit MNSQ value of 1.81, the test-item underfit the model, henceforth it was removed 
in the subsequent Quest estimate run.  
 
Table 5.13: Observed responses for test-item-14_Q8 in posttest run-3 
 
Item   14: Q8                                  Infit MNSQ = 1.81 
                                                     Disc =  .35 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         2        11        17         0         0         0         0 
Percent (%)         .0       6.7      36.7      56.7        .0        .0        .0 
Pt-Biserial         NA      -.29      -.13       .28        NA        NA        NA 
p-value             NA      .058      .241      .069        NA        NA        NA 
Mean Ability        NA      -.03       .69      1.05        NA        NA        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                 -1.44      -.48 
  Error                        .00       .00 
 
 
5.4.4 Posttest run-4 (item 14_Q8 was deleted) 
In Quest run-4, Figure 5.7 shows the effect of the test-item14_Q8 deletion. It can be seen that 
with the deletion of test-item14_Q8, there were five misfitting test-items, with the most 
misfitting test-item identified as test-item1_Q1a (a dichotomous test-item with a right or 
wrong answer). A right answer was scored with a ‘1’ and wrong answer scored a ‘0.’  
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(Calibration study Posttest Run-4)                                                             
--------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                         
all on all (N = 30 L = 19 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      1.60      1.80      
2.0 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+----- 
  1 Q1a                                     .              |              .                           * 
  2 Q1b                                     .              |              .                * 
  3 Q1c                                     .              |              * 
  4 Q1d                                     .              *              . 
  5 Q1e                                     .         *    |              . 
  6 Q2                                      .              |              .        * 
  7 Q3a                                     .              | *            . 
  8 Q3b                                     .             *|              . 
  9 Q3c                                     .              |              . * 
 11 Q5                                      .              |*             . 
 12 Q6                                      .              |          *   . 
 13 Q7                                      .              | *            . 
 16 Q10                                     .     *        |              . 
 17 Q11                                     .          *   |              . 
 18 Q12                                    *.              |              . 
 19 Q13                                     .             *|              . 
 21 Q15                                     .              |  *           . 
 22 Q16                                     .              | *            . 
========================================================================================================= 
 
Figure 5.7 : Quest item fit map for posttest run-4 
 
 
As depicted in Table 5.14, some 10-participants answered this test-item wrongly, and another 
20-participants answered correctly. The discrimination value was 0.53, but due to the infit 
MNSQ value of 1.87, the test-item was removed in run-5.  
 
Table 5.14: Observed responses for item 1_Q1a in Posttest run-4 
 
Item    1: Q1a                                 Infit MNSQ = 1.87 
                                                     Disc =  .51 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        10        20         0         0         0         0         0 
Percent (%)         .0      33.3      66.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.50       .50        NA        NA        NA        NA 
p-value             NA      .002      .002        NA        NA        NA        NA 
Mean Ability        NA       .31      1.22        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                 -1.01 
Error                        .00 
 
 
5.4.5 Posttest run-5 (item1_Q1a was deleted) 
In Quest run-5 where test-item1_Q1a was deleted, it resulted in the Quest item fit map, as 
depicted in Figure 5.8. In this run, test-item2_Q1b was found to be the most misfitting test-
item with an infit MNSQ of 1.56. This test-item was a right or wrong scored question, with a 
scoring strategy of either a ‘0’ for wrong or a ‘1’ for a correct answer.  
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As shown in Table 5.15, the observed responses output, 23-participants with a mean ability of 
1.21 answered the test-item correctly, while the other seven-participants that answered 
incorrectly had a mean ability of 0.17. Table 5.15 depicted the discrimination value was 0.56; 
however, as the mean value exceeded the acceptable value of 1.30, the test-item had to be 
discarded in the following Quest estimate run (run-6). 
 
(Calibration study Posttest run-5)                                                             
--------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                        
all on all (N = 30 L = 18 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      1.60      1.80      
2.0 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+----- 
  2 Q1b                                     .              |              .            * 
  3 Q1c                                     .              |              . * 
  4 Q1d                                     .              |    *         . 
  5 Q1e                                     .             *|              . 
  6 Q2                                      .              |              .        * 
  7 Q3a                                     .              |*             . 
  8 Q3b                                     .            * |              . 
  9 Q3c                                     .              |              .  * 
 11 Q5                                      .              |  *           . 
 12 Q6                                      .              |           *  . 
 13 Q7                                      .              |  *           . 
 16 Q10                                     .  *           |              . 
 17 Q11                                     .         *    |              . 
 18 Q12                                    *.              |              . 
 19 Q13                                     .            * |              . 
 21 Q15                                     .              | *            . 
 22 Q16                                     .              |*             . 
========================================================================================================= 
 
Figure 5.8 : Quest item fit map for posttest run-5 
 
Table 5.15: Observed responses for item 2_Q1b in Posttest run-5 
 
Item    2: Q1b                                 Infit MNSQ = 1.56 
                                                     Disc =  .56 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         7        23         0         0         0         0         0 
Percent (%)         .0      23.3      76.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.55       .55        NA        NA        NA        NA 
p-value             NA      .001      .001        NA        NA        NA        NA 
Mean Ability        NA       .17      1.21        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  1.72 
Error                        .00 
 
5.4.6 Posttest run-6 (item2_Q1b was deleted) 
In Quest run-6, Figure 5.9 shows the effect of test-item2_Q1b deletion. There were two 
misfitting test-items; test-item6_Q2 (an underfit) and test-item18_Q12 (an overfit). As can be 
inferred in Table 5.16, test-item6_Q2 was a partial credit item, scoring a '0,' '1' or '2.' One-
third of the participants (with mean ability of 0.76) scored a ‘0,’ while another 16 participants 
with mean ability slightly higher at 0.79, scored a ‘1.’  
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Only four participants (with the mean ability of 1.13) managed to score full marks for this test-
item. Based on that result, it was shown clearly that this test-item did not discriminate well 
between participants with mean ability between 0.76 and 0.79; as indicated by the low 
discrimination value of 0.11. As the Infit MNSQ was equal to 1.42, which is higher than the 
acceptable range of 0.77 to 1.30, the test-item was therefore deleted in the next run.  
 
(Calibration study Posttest Run-6)                                                             
--------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                        
all on all (N = 30 L = 17 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      1.60      1.80      
2.0 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+----- 
  3 Q1c                                     .              |           *  . 
  4 Q1d                                     .              | *            . 
  5 Q1e                                     .         *    |              . 
  6 Q2                                      .              |              .     * 
  7 Q3a                                     .             *|              . 
  8 Q3b                                     .              |*             . 
  9 Q3c                                     .              |           *  . 
 11 Q5                                      .            * |              . 
 12 Q6                                      .              |     *        . 
 13 Q7                                      .              | *            . 
 16 Q10                                     .   *          |              . 
 17 Q11                                     .             *|              . 
 18 Q12                               *     .              |              . 
 19 Q13                                     .         *    |              . 
 21 Q15                                     .         *    |              . 
 22 Q16                                     .          *   |              . 
========================================================================================================= 
Figure 5.9 : Quest item fit map for posttest run-6 
 
 
Table 5.16: Observed responses for item-6_Q2 in posttest run-6 
Item    6: Q2                                  Infit MNSQ = 1.42 
                                                     Disc =  .11 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        10        16         4         0         0         0         0 
Percent (%)         .0      33.3      53.3      13.3        .0        .0        .0 
Pt-Biserial         NA      -.03      -.09       .17        NA        NA        NA 
p-value             NA      .434      .326      .184        NA        NA        NA 
Mean Ability        NA       .76       .79      1.13        NA        NA        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                  -.13      2.89 
Error                        .00       .00 
 
5.4.7 Posttest run-7 (item6_Q2 was deleted) 
Quest run-7 where test-item-6_Q2 was deleted, revealed that there was only one-misfitting 
test-item left in the Quest estimate, test-item-18_Q12 (see Figure 5.9). This test-item was a 
dichotomous scored test-item; whereby a ‘1’ was awarded for a correct answer and a ‘0’ for 
a wrong answer. Some 26-participants answered the test-item correctly, scoring a ‘1’ while 
another four-participants answered wrongly, scoring a ‘0.’  
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As can be seen in Table 5.17, the participants who scored a ‘1’ for this test-item had a mean 
ability of 1.00, while the other four who scored a ‘0’ had a mean ability of -0.12; the 
discrimination value was 0.46. The infit MNSQ value indicated a value of 0.71 was slightly 
lower than the acceptable range of 0.77 to 1.3. Therefore, this test-item was deleted in the 
next Quest estimate run. 
 
(Calibration study Posttest run7)                                                             
--------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                        
all on all (N = 30 L = 16 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      1.60      1.80      
2.0 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+----- 
  3 Q1c                                     .              |           *  . 
  4 Q1d                                     .              *              . 
  5 Q1e                                     .        *     |              . 
  7 Q3a                                     .              |   *          . 
  8 Q3b                                     .              |   *          . 
  9 Q3c                                     .              |              * 
 11 Q5                                      .              | *            . 
 12 Q6                                      .              |       *      . 
 13 Q7                                      .              *              . 
 16 Q10                                     .  *           |              . 
 17 Q11                                     .              |*             . 
 18 Q12                               *     .              |              . 
 19 Q13                                     .       *      |              . 
 21 Q15                                     .         *    |              . 
 22 Q16                                     .             *|              . 
========================================================================================================= 
 
Figure 5.10 : Quest item fit map for posttest run-7 
 
Table 5.17: Observed responses for test-item-18_Q12 in posttest run-7 
Item   18: Q12                                 Infit MNSQ =  .71 
                                                     Disc =  .46 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         4        26         0         0         0         0         0 
Percent (%)         .0      13.3      86.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.45       .45        NA        NA        NA        NA 
p-value             NA      .006      .006        NA        NA        NA        NA 
Mean Ability        NA      -.12      1.00        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  -.93 
Error                        .00 
 
 
5.4.8 Posttest run-8 (item18_Q12 was deleted) 
In Quest run-8, test-item-18_Q12 was deleted. Altogether, the posttest calibration process 
was conducted in eight-subsequent Quest estimate runs and considered the deletion of 
seven-misfitting test-items respectively, until all test-items conformed to the requirement of 
the Rasch model. The final calibration of the posttest-items is illustrated in the Quest variable 
map (see Figure 5.11). As shown in this map, only 14-test-items out of 22-test-items fit the 
model. 
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Item Fit                                                                                        
all on all (N = 30 L = 15 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      1.60      1.80      
2.0 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+----- 
  3 Q1c                                     .              |            * . 
  4 Q1d                                     .              *              . 
  5 Q1e                                     .       *      |              . 
  7 Q3a                                     .              |  *           . 
  8 Q3b                                     .              |  *           . 
  9 Q3c                                     .              |             *. 
 11 Q5                                      .             *|              . 
 12 Q6                                      .              |       *      . 
 13 Q7                                      .              *              . 
 16 Q10                                     .  *           |              . 
 17 Q11                                     .              |*             . 
 19 Q13                                     .      *       |              . 
 21 Q15                                     .          *   |              . 
 22 Q16                                     .           *  |              . 
 
Figure 5.11 : Quest item fit map posttest run-8 
 
 
Table 5.18 illustrates the Quest item estimates (thresholds) in input order for the posttest 
after the calibration (run 8). Analysing the Infit MNSQ for each calibrated test-item showed 
values that ranged from the lowest at 0.81 (test-item-16_Q10) to the highest at 1.27 (test-
item-9_Q3c), indicating that all the test-items were within both the Bond and Fox (2007) 
acceptable range of 0.77 to 1.3 and the productive measurement value range of 0.5 to 1.5 
(Linacre, 2002).  
 
In finalising the validity and reliability of the assessment instrument after this calibration 
process, information regarding whether the data showed acceptable fit to the model was 
further analysed.  
 
 
 
 
 
 
 
 
 
 
 
Calibration Study: Testing Instrument Validation 
140 
Table 5.18: Quest item fit map posttest run-8 
 
Item Estimates (Thresholds) In input Order                                                      
all on all (N = 30 L = 15 Probability Level= .50)                                                              
---------------------------------------------------------------------------
--  ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S   |  INFT  OUTFT INFT  OUTFT                                    
                   |            |    1       2   |  MNSQ  MNSQ   t     t                                       
---------------------------------------------------------------------------
-- 
3   Q1c            |    22   30 |   -.81         |   1.25  1.12    .9    .4 
                   |            |      **        | 
4   Q1d            |    20   30 |   -.13         |    .99   .87    .0   -.3 
                   |            |      **        | 
5   Q1e            |    26   30 |  -1.25         |    .88   .74   -.2   -.3 
                   |            |      **        | 
7   Q3a            |    10   30 |   1.04         |   1.06  1.05    .5    .3 
                   |            |      **        | 
8   Q3b            |    16   30 |   1.36         |   1.07  1.04    .5    .2 
                   |            |      **        | 
9   Q3c            |    11   30 |    .46         |   1.27  1.36   1.8   1.3 
                   |            |      **        | 
11  Q5             |    57   60 |  -1.53    -.45 |    .98   .80    .1   -.2 
                   |            |      **      **| 
12  Q6             |    10   27 |    .46         |   1.17  1.22   1.1    .8 
                   |            |      **        | 
13  Q7             |    12   30 |   1.02         |   1.00   .95    .0   -.1 
                   |            |      **        | 
16  Q10            |    22   30 |    .41         |    .81   .74  -1.4  -1.0 
                   |            |      **        | 
17  Q11            |    23   30 |    .89         |   1.03  1.02    .3    .2 
                   |            |      **        | 
19  Q13            |    12   29 |    .99         |    .87   .81  -1.0   -.7 
                   |            |      **        | 
21  Q15            |    23   30 |   -.53         |    .93   .92   -.2   -.1 
                   |            |      **        | 
22  Q16            |    26   30 |  -1.01         |    .94   .84   -.1   -.2 
                   |            |      **        | 
--------------------------------------------------------------------------- 
Mean               |            |    .14         |   1.02   .96    .2    .0 
SD                 |            |    .90         |    .14   .18    .8    .6 
 
 
 
The summary of Quest test-item statistics are shown in Table 5.19. When the observed data 
and estimates were compatible, the expected value of infit MNSQ is 1.00 with a small standard 
deviation and infit t close to 0 (Serow, 2007). The summary statistics for the calibrated 
posttest-items revealed an infit MNSQ of 1.02 with SD of 0.14, and an infit t value equal to 
0.16, subsequently demonstrating that the test-items were measuring the same underlying 
construct or ‘unidimensionality.’ The Quest estimate reliability score of 1.00 indicates a high 
internal consistency (Thomas et al., 2008).  
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Table 5.19: Quest test-item estimate of posttest (Run 8) 
Summary of item Estimates 
========================= 
Mean                           .14 
SD                             .90 
SD (adjusted)                  .90 
Reliability of estimate       1.00 
 
 Fit Statistics 
=============== 
  Infit Mean Square      Outfit Mean Square 
    Mean    1.02             Mean     .96 
    SD       .14             SD       .18 
      Infit t                  Outfit t 
 
    Mean     .16             Mean     .03 
    SD       .81             SD       .59 
  
 
 
The Quest variable map illustrates the distribution of the 14-acceptable test-items involving 
the 30-participants on a single logit scale (Bond & Fox, 2007). The pretest and posttest variable 
map (run-8) were combined in Figure 5.12 to show the changes in the participants’ museum-
visit learning performances. The two-left hand columns represent the participants’ cognitive 
performance (referred to as the person’s ability) while the right-hand side of the map depicts 
the test-items' difficulty, relative to each of the test-items and relative to the participants' 
performance. Participants and test-items located at the top of the map point out the most 
knowledgeable participant and the most difficult test-item, respectively.   
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Figure 5.12 : Combined Quest pretest and posttest variable maps 
 
 
It should be noted that the posttest items were calibrated using anchored values derived from 
the pretest, as explained earlier in section 5.3. Quest output files for the calibration study 
posttest analysis can be viewed in Appendix D-2. 
 
 
 
 
Pretest Posttest
Each X represents a student 
Items 
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5.5 Summary of the test-items analysis 
The main objective of this test-item calibration analysis was to derive a standardised scale 
from measuring the performances of participants with different cognitive preferences in their 
museum learning experiences. The previous sections have discussed in detail the calibration 
process of both the pretest and the posttest items. The analysis summarised in Table 5.20 
provides the estimates of the test-items and cases (participants' performance).  
 
Table 5.20: The summary of the test-items analysis 
 Pretest Posttest 
Item separation reliability 0.68 1.00 
Item Infit MNSQ 1.00 (SD = 0.12) 1.02 (SD = 0.14) 
Case separation reliability 0.63 0.46 
Case Infit MNSQ 0.99 (SD = 0.29) 1.02 (SD = 0.20) 
 
 
5.6 Performance measurement (effect size) 
The cognitive performance was measured using the mean analysis based on the differences 
in the estimate of the logit value between the pre- and the posttest. This result was achieved 
by subtracting the posttest estimate logit value from the pretest estimate logit value. 
Furthermore, the effect size, Cohen’s d, the most common way to measure effect size, was 
calculated in order to show the magnitude of how big the difference between the treatment 
or how strong the relationship is between the investigated variables (Durlak, 2009) on the 
cognitive performances. The effect size was used because it is a way to measure how big the 
difference is by simply:  
 
quantifying the size of the difference between two groups … and particularly 
valuable for quantifying the effectiveness of a particular intervention, relative to 
some comparison (Coe, 2002 pp. 1). 
 
Effect size (Cohen’s d) was defined as the difference between 2-means divided by the pooled 
standard deviations (SD) (Cohen, 1977).  
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The calculation of the effect size, Cohen’s d, was based on the following formula: 
 
 
where M1 and M2 are the means of T1 and T2 respectively 
and SDpooled is the average of the standard deviations of the 
two treatment groups and represented in the following 
formula: 
 
or can be simplified as below: 
                                         (Cohen, 1977). 
 
Coe (2002, pp. 3) provided a more straightforward formula: 
Effect size = [Mean of the experimental group] – [Mean of control group] 
Standard Deviation 
 
In the case where the experimental or control group is not apparent, the difference of mean 
can still be calculated by finding the difference between both means; by acknowledging which 
way the calculation was done (Coe, 2002). 
 
Table 5.21 shows the descriptors together with the assigned ranges for the interpretation of 
the Cohen’s d value (Cohen, 1988; Izard & Jeffery, 2003). Therefore the effect sizes are 
described as: ‘very small’; ‘small’; ‘medium’; or ‘large’ at values of <0.2, 0.2, 0.5 and 0.8 
respectively (Izard and Jeffery, 2003).  
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Table 5.21: Descriptors for magnitudes of effect sizes and assigned ranges 
 (Izard and Jeffery, 2003) 
Effect size 
magnitude Cohen’s descriptor and Cohen’s example Assigned range 
<0.2 Very small* 0.00 to 0.14 
0.2 
Small 
Difference between the heights of 15 year old and 16 year old girls 
in the US 
0.15 – 0.44 
0.5 Medium Difference between the heights of 14 year old and 18 year old girls 0.45 to 0.74 
0.8 
Large (‘grossly perceptible and therefore large’) 
Difference between the heights of 13 year old and 18 year old girls 
or the difference in IQ between holders of the Ph.D. degree and 
‘typical college freshmen’ 
0.75 or more 
*note: 'very small' is a descriptor for magnitude less than 'small.' 
 
5.7 Cognitive performance analysis 
This section reports the cognitive performances based on the mean analysis and Cohen’s d 
effect size. The results include: the overall performances based on the treatment; the 
cognitive performances of single cognitive style dimension (SCSD); the cognitive performances 
of the combined cognitive style dimension (CCSD) and their interactive effect discussed in the 
following subsections.  
 
This section is detailed as the: 
• overall cognitive performances by treatment; 
• cognitive performances of the single cognitive style dimension; 
• cognitive performances of the combined cognitive style performances; 
and 
• interactive effects. 
5.7.1 The overall cognitive performance by treatment 
 
Table 5.22 shows the overall performances according to the treatment groups. It can be seen 
that there was an improvement in the cognitive performance for both treatment groups. The 
performance of those in the web-based museum-visit (Treatment 1) improved by 0.41 in mean 
difference between the pretest and the posttest; while the improvement was higher in the 
physical museum-visit (Treatment 2) which stands at 0.58 in mean difference. The effect size 
is considered small at 0.25. 
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Table 5.22: The overall cognitive performance based on treatment 
Instructional Strategies Mean 
Difference 
(T1-T2) 
Effect size T1 (N=15) T2 (N=15) 
pre post diff pre Post Diff 
0.24 0.65 0.41 0.71 1.29 0.58 -0.17 0.25 
 
 
5.7.2 Single Cognitive Style Dimension (SCSD) 
 
In general, all SCSD groups showed positive improvement between the pretest and the 
posttest. However, two SCSD groups performed better with Treatment 1 than with Treatment 
2; it was the Analytics and the Verbalisers. The Wholists and Imagers performed better with 
Treatment 2. The analysis for Treatment 1 shows that Wholists had the highest mean in the 
pretest and the posttest (difference score of 0.31) compared to the other SCSD groups; 
however, Verbalisers have shown the highest improvement in Treatment 1 with a mean 
difference value of 0.76, followed by Analytics with a mean difference of 0.52. The cognitive 
performances in Treatment 2 revealed that Wholists performed the best with a difference 
score of 0.70, followed by the Verbalisers with a difference score of 0.61. This analysis is 
summarised in Table 5.23. 
 
Table 5.23: SCSD cognitive performances based on treatment. 
Cognitive Style 
Instructional Strategies Mean 
Difference 
(T1-T2) 
T1 (N=15) T2 (N=15) 
pre post Diff pre Post diff 
Wholist 0.50 0.81 0.31 0.63 1.33 0.70 -0.39 
Analytic  -0.06 0.46 0.52 0.86 1.20 0.34 0.18 
Verbaliser 0.03 0.79 0.76 0.60 1.21 0.61 0.15 
Imager 0.31 0.60 0.28 0.78 1.34 0.56 -0.28 
 
 
Further analysis of the effect size is summarised in Table 5.24 and Figure 5.13, respectively. 
The effect size for Wholist (d = 0.51) and Imager (d = 0.46) groups indicated that the 
Instructional Treatment had a medium effect on cognitive performance. Meanwhile, the 
effect size for the Analytic (d = 0.32) and Verbaliser (d = 0.17) groups is considered small.  
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Table 5.24: The standard deviation and effect size of SCSD 
Cognitive Style 
Instructional Strategies 
mean diff 
T1-T2 Effect Size T1 (N=15) T2 (N=15) 
mean SD Mean SD 
Wholist 0.31 0.82 0.70 0.73 -0.39 0.51 
Analytic  0.52 0.58 0.34 0.57 0.18 0.32 
Verbaliser 0.76 1.03 0.61 0.74 0.15 0.17 
Imager 0.28 0.55 0.56 0.68 -0.28 0.46 
 
 
Figure 5.13 : The performances of SCSD according to the treatment 
 
5.7.3 Combined Cognitive Style Dimension (CCSD) 
 
The general results of the cognitive performances based on the combined cognitive style 
dimension (CCSD) Wholist-Imager, Wholist-Verbaliser, Analytic-Imager, and Analytic-
Verbaliser (see Table 5.25), indicated that the Wholist-Verbaliser group were the best 
performer in both Treatment 1 (with mean difference = 1.13) and Treatment 2 (with mean 
difference = 0.75). In contrast, the Wholist-Imager group in Treatment 1 barely improved from 
their pretest score with a mean difference of only 0.04, while the Treatment 2 Wholist-Imager 
group improved by 0.67 from pretest to posttest. The Analytic-Verbaliser and Analytic-Imager 
groups were found to be at par in their performances in Treatment 2 with mean difference 
scores of 0.33 and 0.35, respectively. Both groups performed better with Treatment 1 (mean 
difference scores of 0.40 and 0.58, respectively). 
T1 – Treatment1   
T2 – Treatment2 
Calibration Study: Testing Instrument Validation 
148 
Table 5.25: The participants’ CCSD performances based on treatment group 
Cognitive Style 
Instructional Strategies 
T1 (N=15) T2 (N=15) 
pre post Diff Pre post diff 
W-V 0.36 1.48 1.13 0.59 1.34 0.75 
W-I 0.55 0.59 0.04 0.66 1.33 0.67 
A-V -0.29 0.11 0.40 0.62 0.95 0.33 
A-I 0.03 0.60 0.58 1.02 1.37 0.35 
 
 
The participants’ cognitive performances based on the CCSD were further analysed to 
investigate the interactive effect they may have on the museum instructional treatment 
(Treatment 1 and Treatment 2). The mean analysis and the effect size were calculated to 
determine the magnitude of differences between groups and the treatments. The results are 
summarised in Table 5.26 and Figure 5.14. 
 
Table 5.26: CCSD performances  
Cognitive Style 
Instructional Strategies 
mean diff 
T1-T2 
Effect Size 
Cohen’s d T1 (N=15) T2 (N=15) 
mean SD mean SD 
W-V 1.13 1.41 0.75 0.92 0.38 0.32 
W-I 0.04 0.43 0.67 0.67 -0.63 1.15 
A-V 0.40 0.81 0.33 0.10 0.07 0.14 
A-I 0.58 0.58 0.35 0.80 0.23 0.33 
 
 
Looking at the effect size estimated by Cohen’s d, the instructional treatment was determined 
to have a large effect on the cognitive performance of the Wholist-Imager group (mean diff = 
-0.63 and d = 1.15). Meanwhile, the Wholist-Verbaliser (mean diff = 0.38, d = 0.32) and the 
Analytic-Imager groups (mean diff = 0.23, d = 0.33) were found to have small effect size (Izard 
& Jeffery, 2003). The instructional treatment type had a very small effect on the performance 
of the Analytic-Verbaliser group (mean diff = 0.07, d = 0.14). 
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Figure 5.14 : The CCSD performances according to the treatment 
 
5.7.4 Interactive effects of T1 and T2 on cognitive performances 
 
This section discusses the interactive effects of the CCSD and the instructional format on the 
cognitive style media preferences of the museum-visit’s learning outcomes. Figure 5.15 clearly 
illustrates the interactive effects that exist. The graph indicates that three of the CCSD groups: 
the Wholist-Verbaliser; Analytic-Verbaliser and Analytic-Imager performed better in 
Treatment 1 as compared to Treatment 2. Conversely, the Wholist-Imager group was found 
to perform better in Treatment 2. In addition, an important effect was found with the 
performances of the Wholist-Imager group, whereby the magnitude of difference between 
Treatment 1 and Treatment 2 is large compared to the other groups. 
 
Figure 5.15 : The interactive effects of CCSD and the instructional treatments. 
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5.7.5 Summary of cognitive performances analysis 
 
The findings from this calibration study suggest that different cognitive preferences do affect 
the knowledge acquisition/learning process as it pertains to the Dinosaur Walk web-based 
museum exhibit. Wholists and Imagers performed best when they had a physical visit to the 
museum, whereas Analytics and Verbalisers performed better with the web-based museum-
visit. However, when the two cognitive style dimensions are combined, the Wholist-
Verbaliser; Analytic-Verbaliser and Analytic-Imager groups all performed better with the web-
based museum-visit, with only the Wholist-Imager performing better by visiting the museum. 
The latter is not surprising given these two SCSD groups both performed better with a physical 
visit to the museum. 
 
5.8 Summary  
The earlier sections of this chapter elaborated on the analysis of the test-items according to 
the Rasch measurement model using the Quest Interactive Test Analysis System.  Then the 
analysis and results of the calibration study conducted with 30-participants discussed in detail 
whereby the objective of this calibration analysis was to examine the validity and reliability of 
the testing instrumentation designed for measuring the cognitive performance outcomes in 
the web-based museum-visit learning experiences. Fourteen acceptable test-items were 
validated as being reliable for their use in the forthcoming main experiment. The second part 
of this chapter discussed the results of the cognitive performances based on the statistical 
mean analysis and Cohen’s magnitude of effect sizes. The results were presented for both the 
single cognitive style dimension (SCSD) and the combined cognitive style dimension (CCSD). 
The following chapter will present and discuss the analysis and result of the main experiment. 
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6 Chapter 6 : Main Experiment:      Analysis and Result 
 
6.1 Overview 
 
This chapter presents the results of the statistical analysis of empirical data obtained from the 
main experiment. In the main experiment, there were a total of 91-participants. As previously 
discussed in chapter 4 (research methodology), this experiment intended to answer the 
research question to examine the interactive effects of cognitive preferences and museum-
visit instructional formats. In doing so, this analysis conducted was to observe the interactive 
effects of cognitive style preferences: Wholist-Analytic (W-A) dimension which is inherent and 
refers to how people process information and the Verbal-Imagery (V-I) dimension, which is 
the thinking mode expressed here as the single cognitive style dimensions (SCSD): W-A and V-
I; as well as the combined cognitive style dimensions (CCSD): Wholist-Imager (W-I); Wholist-
Verbaliser (W-V); Analytic-Verbaliser(A-V); and Analytic-Imager (A-I); and instructional media 
format (web-based museum-visit - Treatment 1) and the physical museum-visit (Treatment 2) 
on the instructional performance outcomes. Both analyses were crucial in providing the 
evidence for measuring the interactive effects of this extensive relationship on the 
performance outcomes. The main experiment was conducted according to the research 
schedule (Figure 4.16) as detailed in chapter 4 and the experimental procedure activities 
(Appendix B-1) utilising the validated assessment instrument as discussed in detail in chapter 
5.  
 
The research was guided by the following research question: 
 
Does the interaction of a museum’s instructional strategies and a learner’s 
cognitive preferences affect the development of their experiential museum 
learning? 
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This chapter will explain and discuss the following sections: 
• the test-items analysis; 
• performance of the testing instrument; 
• cognitive style analysis results; 
• descriptive statistic; 
• pretest performance; 
• posttest performance; 
• cognitive performances; and 
• chapter summary. 
 
6.2 The test-items analysis 
The test-items used in the main experiment were the same assessment instruments that were 
calibrated and validated in the calibration study as detailed in Chapter 5. To ensure that the 
analysis of these instruments (both the calibration study and main experiment) were 
equalised and measured the same constructs, an anchoring strategy (as applied in the 
calibration study) was used in the main experiment. To do so, the pretest-items of the main 
experiment were calibrated using (data) references (or the anchored values derived in the 
calibration study) so that both analyses would be comparable. It is also important to note that, 
the test-item (Q14) that identified as having a perfect score in the calibration study (please 
refer to Chapter 5 section 5.3.1) was removed in the main experiment.  
 
The main experiment data analysis will be given in the following subsections: 
 
• pretest analysis; and  
• posttest analysis. 
 
6.2.1 Pretest analysis  
Altogether, there were seven-Quest estimate runs to complete the calibration of the pretest. 
The calibration process conducted iteratively identified the misfit test-items in each run. There 
were seven-test-items (Q1b, Q1c, Q1e, Q3b, Q4, Q5 and Q8) identified as misfits of the Rasch 
model (Bond & Fox, 2007); hence were deleted from the pretest data in the calibration 
process. The final Quest item fit map is shown in Figure 6.1. 
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(Pretest Main Experiment Run7)                                                                                
---------------------------------------------------------------------------------------- 
Item Fit                                                                                        
all on all (N = 91 L = 14 Probability Level= .50)                                                              
---------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      
1.60       
---------+---------+---------+---------+---------+---------+---------+---------+--------   
  1 Q1a                                     .              *              . 
  4 Q1d                                     .          *   |              . 
  6 Q2                                      .              |             *. 
  7 Q3a                                     .            * |              . 
  9 Q3c                                     .           *  |              . 
 12 Q6                                      .              |  *           . 
 13 Q7                                      .              |            * . 
 15 Q9                                      .              *              . 
 16 Q10                                     .              |*             . 
 17 Q11                                     .              |      *       . 
 18 Q12                                     .              |    *         . 
 19 Q13                                     .              |*             . 
 20 Q14                                     .              |  *           . 
 21 Q15                                     .              |*             . 
 
Figure 6.1 : Quest estimate item pretest fit map – run-7 
 
 
In the final Quest estimate run of this analysis, some 14-test-items fit the Rasch model; 
they ranged from 0.93 (item Q1d) to 1.29 (item Q2) Infit MNSQ values as detailed out in 
Table 6.1.  
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Table 6.1: Quest item pretest estimates 
Item Estimates (Thresholds) In input Order                                                      
all on all (N = 91 L = 14 Probability Level= .50)                                                              
----------------------------------------------------------------------------------------------------- 
    ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S                           |  INFT  OUTFT INFT  OUTFT            
                   |            |    1       2       3       4       5   |  MNSQ  MNSQ   t     t               
----------------------------------------------------------------------------------------------------- 
1   Q1a            |    71   91 |  -1.01                                 |   1.00   .83    .0   -.6 
                   |            |      **                                | 
                   |            |                                        | 
4   Q1d            |    71   91 |   -.13                                 |    .93   .94   -.7   -.3 
                   |            |      **                                | 
                   |            |                                        | 
6   Q2             |    69  180 |   -.13    2.89                         |   1.29  1.30   2.0   1.7 
                   |            |      **      **                        | 
                   |            |                                        | 
7   Q3a            |    29   91 |   1.04                                 |    .97   .98   -.4   -.1 
                   |            |      **                                | 
                   |            |                                        | 
9   Q3c            |    40   90 |    .46                                 |    .94   .89   -.8   -.8 
                   |            |      **                                | 
                   |            |                                        | 
12  Q6             |    33   86 |    .46                                 |   1.07  1.13    .9    .9 
                   |            |      **                                | 
                   |            |                                        | 
13  Q7             |    60   86 |   1.02                                 |   1.27  1.32   3.1   2.0 
                   |            |      **                                | 
                   |            |                                        | 
15  Q9             |   302  450 |  -1.72    -.66    -.52     .64     .64 |   1.01   .89    .1   -.4 
                   |            |      **      **      **      **      **| 
                   |            |                                        | 
16  Q10            |    67   90 |    .41                                 |   1.01   .98    .2   -.1 
                   |            |      **                                | 
                   |            |                                        | 
17  Q11            |    27   87 |    .89                                 |   1.13  1.16   1.7   1.1 
                   |            |      **                                | 
                   |            |                                        | 
18  Q12            |    71   89 |   -.93                                 |   1.09  1.22    .6    .9 
                   |            |      **                                | 
                   |            |                                        | 
19  Q13            |    48   88 |    .99                                 |   1.01   .97    .2   -.1 
                   |            |      **                                | 
                   |            |                                        | 
20  Q14            |    61   89 |   -.53                                 |   1.07  1.21    .6   1.0 
                   |            |      **                                | 
                   |            |                                        | 
21  Q15            |    74   89 |  -1.01                                 |   1.01   .95    .1   -.1 
                   |            |      **                                | 
                   |            |                                        | 
----------------------------------------------------------------------------------------------------- 
Mean               |            |    .18                                 |   1.06  1.06    .6    .4 
SD                 |            |    .86                                 |    .11   .16   1.1    .9 
===================================================================================================== 
 
 
The summary of the pretest calibration can be observed in Table 6.2. The reliability of 
these estimates is ideally 1.00 with infit MNSQ ranges from 0.93 and 1.29 and mean equal 
to 1.06 and the standard deviation near to 0 at 0.11 in value. The range of infit MNSQ is 
acceptable within the 0.5 to 1.5 productive measurement range (Linacre, 2002). 
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Table 6.2: The summary of Quest item estimate run-7 (pretest) 
 
Summary of item Estimates 
========================= 
Mean                           .18 
SD                             .86 
SD (adjusted)                  .86 
Reliability of estimate       1.00 
 
 Fit Statistics 
=============== 
Infit Mean Square         Outfit Mean Square 
    Mean    1.06             Mean    1.06 
    SD       .11             SD       .16 
      Infit t                  Outfit t 
    Mean     .55             Mean     .37 
    SD      1.09             SD       .88 
         0 items with zero scores 
   0 items with perfect scores 
 
 
6.2.2 Posttest analysis  
The calibration of the posttest-items was conducted using the anchor values from the pretest 
calibration and was completed in three-Quest estimate runs. Figure 6.2 shows the final Quest 
posttest item fit map. There were 18-posttest items that fit within the Rasch model, with the 
infit MNSQ of the test-items ranging from 0.87 (test-item Q3a) and 1.18 (test-item Q4) which 
is considered productive for measurement (Linacre, 2002). The item fit is shown in Table 6.3. 
The mean value is 1.03, with SD value 0.09.  
 
 (Posttest Main study Run3)                                                                           
--------------------------------------------------------------------------------------------- 
Item Fit                                                                                        
all on all (N = 91 L = 18 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      1.60       
---------+---------+---------+---------+---------+---------+---------+---------+---------+--- 
  2 Q1b                                     .              | *            . 
  3 Q1c                                     .              |      *       . 
  4 Q1d                                     .              |      *       . 
  5 Q1e                                     .              |  *           . 
  6 Q2                                      .              |*             . 
  7 Q3a                                     .      *       |              . 
  8 Q3b                                     .             *|              . 
  9 Q3c                                     .          *   |              . 
 10 Q4                                      .              |        *     . 
 11 Q5                                      .              |      *       . 
 12 Q6                                      .              |       *      . 
 13 Q7                                      .              |*             . 
 14 Q8                                      .            * |              . 
 16 Q10                                     .         *    |              . 
 17 Q11                                     .              |   *          . 
 19 Q13                                     .              | *            . 
 20 Q14                                     .              *              . 
 21 Q15                                     .            * |              . 
============================================================================================ 
Figure 6.2 : Quest posttest item fit map 
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Table 6.3: Quest item posttest-items' estimates 
(Posttest Main Study Run3) 
------------------------------------------------------------------------------------------------ 
Item Estimates (Thresholds) In input Order                                                    
all on all (N = 91 L = 18 Probability Level= .50)                                                             
------------------------------------------------------------------------------------------------ 
    ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S           |  INFT  OUTFT INFT  OUTFT                            
                   |            |    1       2       3   |  MNSQ  MNSQ   t     t                               
------------------------------------------------------------------------------------------------ 
2   Q1b            |    70   91 |   -.77                 |   1.04   .94    .3   -.2 
                   |            |      **                | 
                   |            |                        | 
3   Q1c            |    65   91 |   -.51                 |   1.13  1.14   1.0    .8 
                   |            |      **                | 
                   |            |                        | 
4   Q1d            |    52   91 |   -.13                 |   1.13  1.14   1.4    .9 
                   |            |      **                | 
                   |            |                        | 
5   Q1e            |    68   90 |   -.70                 |   1.05   .96    .4   -.1 
                   |            |      **                | 
                   |            |                        | 
6   Q2             |    59  180 |   -.13    2.89         |   1.03  1.04    .2    .3 
                   |            |      **      **        | 
                   |            |                        | 
7   Q3a            |    23   91 |   1.04                 |    .87   .85  -2.3  -1.2 
                   |            |      **                | 
                   |            |                        | 
8   Q3b            |    53   91 |    .03                 |    .98   .93   -.3   -.4 
                   |            |      **                | 
                   |            |                        | 
9   Q3c            |    57   91 |    .46                 |    .93   .90  -1.3   -.7 
                   |            |      **                | 
                   |            |                        | 
10  Q4             |   140  180 |            .64     .90 |   1.18  1.21   1.9   1.2 
                   |            |              **      **| 
                   |            |                        | 
11  Q5             |    74  180 |    .47     .62         |   1.13  1.08   1.5    .5 
                   |            |      **      **        | 
                   |            |                        | 
12  Q6             |    34   89 |    .46                 |   1.17  1.22   2.9   1.6 
                   |            |      **                | 
                   |            |                        | 
13  Q7             |    59   89 |   1.02                 |   1.02  1.00    .3    .0 
                   |            |      **                | 
                   |            |                        | 
14  Q8             |   177  273 |   -.69    -.25     .40 |    .96  1.67   -.2   2.4 
                   |            |      **      **      **| 
                   |            |                        | 
16  Q10            |    63   90 |    .41                 |    .91   .90  -1.7   -.8 
                   |            |      **                | 
                   |            |                        | 
17  Q11            |    69   91 |    .89                 |   1.07  1.06   1.3    .5 
                   |            |      **                | 
                   |            |                        | 
19  Q13            |    51   89 |    .99                 |   1.04  1.04    .8    .3 
                   |            |      **                | 
                   |            |                        | 
20  Q14            |    68   90 |   -.53                 |   1.01   .97    .1   -.1 
                   |            |      **                | 
                   |            |                        | 
21  Q15            |    77   91 |  -1.01                 |    .96   .85   -.2   -.5 
                   |            |      **                | 
                   |            |                        | 
------------------------------------------------------------------------------------------------ 
Mean               |            |    .23                 |   1.03  1.05    .4    .3 
SD                 |            |    .73                 |    .09   .19   1.3    .9 
================================================================================================ 
 
 
 
The summary of Quest posttest-item statistics is shown in Table 6.4. The reliability of the 
Quest test-item estimates is 1.00 with an infit MNSQ of 1.03 and SD value at 0.09, which 
clearly demonstrates the ‘unidimensionality’ of the test-items.  
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Table 6.4: Quest posttest-item estimate run-3 
 
Summary of item Estimates 
========================= 
  
Mean                           .23 
SD                             .73 
SD (adjusted)                  .73 
Reliability of estimate       1.00 
 
 Fit Statistics 
=============== 
  
 Infit Mean Square         Outfit Mean Square 
  
    Mean    1.03             Mean    1.05 
    SD       .09             SD       .19 
 
      Infit t                  Outfit t 
  
    Mean     .36             Mean     .25 
    SD      1.28             SD       .91 
  
   0 items with zero scores 
0 items with perfect scores 
 
 
 
6.3 Cognitive style analysis results 
Initially, there were 100-students from three schools that took part in the main experiment. 
The participants’ cognitive preferences were measured using the Cognitive Styles Analysis 
(CSA) software tool (Riding, 1991). Unlike other cognitive measurement tools, the CSA 
identifies participants on two different continua; the Wholist-Analytic (W-A) and Verbaliser-
Imager (V-I) simultaneously. Out of that 100, nine-students were not considered for the final 
data analysis; they did not complete the experiment (or either did not sit for both the pretest 
and posttest; or did not complete either the pretest or the posttest). Figure 6.3 depicts the 
location of (N=91) participants’ positions plotted on the continuum based on their cognitive 
style ratio as derived from their CSA test.  
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Figure 6.3 : Scatter graph of the CSA ratio (N=91). 
 
Analysis of the cognitive style ratio of the main experiment revealed that on the Wholist-
Analytic continuum, the ratio ranges from 0.37 to 8.15 whereas the ratio for the Verbaliser-
Imager continuum ranges from 0.54 to 2.71. The ratio typically ranges from 0.4 through 4.0, 
with the central value of around 1.00 (Riding, 1991). For this research study, the central value 
point for the Wholist-Analytic was 1.19 and 1.04 for the Verbal-Imagery. This central value 
point was determined based on the median value of each continuum, respectively. Table 6.5 
summarised the tabulation of participants according to their cognitive preferences; for both 
the SCSD and the CCSD.  
 
As depicted in Figure 6.3, it is interesting to note that there were cases the researcher 
identified as ‘extreme ratios.’ This ratio was considered as extreme because it was in a very 
isolated position as compared to the others. For example, participant RM22 was considered 
as extreme since the participant’s ratio was recorded at 8.15 on the Wholist-Analytic 
continuum and 2.71 on the Verbaliser-Imager continuum. The second case of the participant 
with an extreme ratio was clearly identified as BV43 with a ratio of 3.39 and 1.59 on the same 
continuums, respectively. Interestingly, both participants were female. Performances of these 
extreme cases will be discussed later in section 6.4.3. 
analytic 
verbaliser imager 
RM22 
BV43 
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Table 6.5: Summary of participants based on cognitive preference style 
SCSD Total (N=91) 
Wholist 65 
Analytic 26 
Verbaliser 44 
Imager 47 
CCSD Total (N=91) 
Wholist-Verbaliser 28 
Wholist-Imager 37 
Analytic-Verbaliser 16 
Analytic-Imager 10 
 
 
As referred in Table 6.5, it can be seen that on the SCSD analysis; the number of Wholists was 
more than doubled compared to the Analytics on the Wholist-Analytic continuum. Whereas, 
on the Verbaliser-Imager continuum, the comparison between Verbalisers and Imagers was 
quite even. Due to the high number of Wholists as compared to Analytics, the number of 
participants for each CCSD is quite unbalanced. Nevertheless, it should be noted that the 
allocation of participants into the treatment groups was done randomly. The distribution of 
SCSD and CCSD according to the treatment groups, is shown in Table 6.6. 
 
 
Table 6.6:  Distribution of participants according to cognitive preference group and 
treatment. 
SCSD 
Treatment1  
(Web-based) 
(N=47) 
Treatment2 
(Physical) 
(N=44) 
Total 
(N=91) 
Wholist 29 36 65 
Analytic 18 8 26 
Verbaliser 23 21 44 
Imager 24 23 47 
CCSD T1 (Web-based) T2(Physical) Total 
Wholist-verbaliser 12 16 28 
Wholist-Imager 17 20 37 
Analytic-Verbaliser 11 5 16 
Analytic-Imager 7 3 10 
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Looking at the statistical analysis of gender, revealed that the majority of the participants were 
male (N=53) compared to the female participants (N=38). This distribution is summarised in 
Table 6.7. For the distribution of participants’ gender-based on schools can be referred to 
Table 4.8 in Chapter 4.  
 
Table 6.7: Distribution of participants according to gender and treatment. 
 Female Male Total 
Treatment1 19 29 48 
Treatment2 19 24 43 
Total 38 53 91 
 
 
6.4 Cognitive performances 
These participants (N=91) successfully completed both the pretest and posttest and were 
henceforth considered for the analysis. There were no participants with perfect or zero scores. 
As explained in the previous chapter, the analysis of the cognitive performances considered 
the differences between the pretest and the posttest performances, rather than observing 
the posttest performance only. By doing this, the improvement (if any) in the cognitive 
performances were compared to the participants’ prior domain knowledge providing the 
evidence that the improvements were due to the instructional treatment (Treatment 1 or 
Treatment 2) they had received. The following sections will discuss the detailed analysis and 
results of the cognitive performance outcomes.  
6.4.1 Pretest performance 
 
As explained in the research method chapter in section 4.9, the pretest was essential to assess 
the participants’ prior domain knowledge on dinosaurs with consideration of what they have 
learned in science subjects at school to fulfil the requirement in VELS were then used to set a 
base to the measurement of the cognitive performance in the posttest. Having this 
comparison by calculating the mean difference of the estimates between the pretest and the 
posttest would depict the improvement (or not) of the participants’ cognitive performances; 
indicating the effects of the instructional treatments on their museum learning experiences.  
The pretest was completed successfully by the participants (N=91); the analysis is summarised 
in Table 6.8 and Table 6.9 below.  
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Table 6.8: Summary of the pretest analysis based on SCSD 
SCSD Mean n sd 
Processing mode 
Wholist 0.07 65 0.63 
Analytic 0.16 26 0.79 
Thinking mode 
Verbaliser 0.55 44 0.84 
Imager 0.61 47 0.81 
 
 
Table 6.9:  Summary of the pretest analysis based on CCSD 
CCSD Mean n sd 
Wholist-verbaliser 0.50 28 0.98 
Wholist-Imager 0.70 37 0.70 
Analytic-Verbaliser 0.64 16 0.50 
Analytic-Imager 0.28 10 1.10 
 
 
The analysis of SCSD (Table 6.8) shows that on the cognitive processing mode (Wholist-
Analytic) continuum, the Analytics were found to have better prior domain knowledge than 
Wholist with a mean of 0.16 compared to 0.07. On the other continuum (the thinking mode; 
Verbaliser-Imager), Imagers were more knowledgeable with a mean of 0.61 compared to 
Verbalisers with a mean of 0.55. Looking at the overall pretest performance, among all the 
SCSD, the highest scorer based on the SCSD group was Imagers with a mean of 0.61; and the 
worst performer was Wholist with a mean of 0.07. Further analysis of the pretest data for 
CCSD (Table 6.9) indicates that the Wholist-Imager group was the highest scorer with a mean 
of 0.7, followed by Analytic-Verbalisers with a mean of 0.64. The worst performing group was 
Analytic-Imager, with a mean of 0.28.   
 
6.4.2 Posttest performance 
 
The analysis of the posttest data is presented in Table 6.10 and Table 6.11. Analysing the SCSD 
first, the posttest score has increased to 0.70 for the Wholists, the highest performance 
improvement with a mean difference of 0.63 between the pretest and posttest.  
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However, it was the Verbalisers who were identified as the top scorers in the posttest (0.75), 
closely followed by the Analytics with a posttest score of 0.74. Imagers had the lowest posttest 
score (0.67) and also showed the least performance improvement with a mean difference of 
only 0.06 between the pretest and posttest. 
Table 6.10: Performance of the posttest for SCSD 
SCSD 
Pretest Posttest 
mean sd mean sd 
W 0.07 0.63 0.70 0.62 
A 0.16 0.79 0.74 0.45 
V 0.55 0.84 0.75 0.59 
I 0.61 0.81 0.67 0.57 
 
Table 6.11: Performance of the posttest for CCSD 
CCSD 
Pretest Posttest 
mean sd mean sd 
WV 0.50 0.98 0.69 0.67 
WI 0.70 0.70 0.70 0.59 
AV 0.64 0.50 0.85 0.40 
AI 0.28 1.10 0.57 0.51 
 
Observing the analysis of the posttest data of the CCSD reveals that the Analytic-Verbalisers 
scored the highest mean at 0.85, followed by the Wholist-Imagers at 0.70. The worst 
performers were the Analytic-Imagers with a mean of 0.57. It is also interesting to note that 
despite being the worst performers in the posttest, the Analytic-Imagers have the highest 
improvement between pretest and posttest with a mean difference of 0.29. It should also be 
noted that there was no improvement in the posttest for the Wholist-Imager group.  
 
In order to have a better observation of both pretest and posttest performances, the Quest 
variable map was used to locate the best pretest and posttest performers as well as the worst 
pretest and posttest performers. 
 
Figure 6.4 shows the Quest variable map, identifying that the top four performers in the 
pretest were Wholist-Imager (RM12); Wholist-Verbaliser (RM05 and RG13); and Analytic-
Imager (RM18) with logit estimates of 2.47. Their performances in the posttest seemed to 
drop. Participants RM12 (Wholist-Imager) and RM05 (Wholist-Verbaliser) managed to remain 
as top scorers in the posttest with the lower achievement of logit estimates at 2.16.  
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On the other hand, RM18 (Analytic-Imager) performance dropped to 1.06 logit estimates and 
RG13 (Wholist-Verbaliser) to a logit estimate of 1.27.  
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Figure 6.4 : Variable map showing performances of the pretest and the posttest. 
 
Analysis of the worst performers on the pretest indicated contradictory results. The three 
worst performers in the pretest were BV44 and RM13 (Wholist-Verbaliser) and RM22 
(Analytic-Imager). Their pretest scores were -1.47, -1.02 and -1.17 logit estimates, 
respectively. RM13 (a Wholist-Verbaliser) who was in Treatment 1 performance improved 
tremendously with a posttest estimate of 0.69. The performance of RM22 also from 
Treatment 1 has improved to a logit estimate of 0.35 in the posttest (refer to Figure 6.4).  
(AI,WV,WV,WI) 
(WV,WI,WI,WI) 
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6.4.3 The performance of participants with extreme cognitive style ratio 
 
There were two participants with extreme cognitive style ratios (based on the plotted graph) 
as identified in section 6.3 earlier. Participant RM22’s cognitive ratio was recorded at 8.15 on 
the Wholist-Analytic continuum, and 2.71 on the Verbaliser-Imager continuum while 
participant BV43 was recorded with a ratio of 3.39 and 1.59 on the continuums, respectively. 
Although both cases were identified as extreme, based on the recorded ratios; RM22 has 
extreme ratios on both analytic as well as the imagery continuums. Whereas, for the 
participant, BV43 was recorded as only having an extreme ratio on the Analytic continuum 
with a ‘normal’ ratio (the ratio regularly sits among other participants’ ratio) on the Imagery 
continuum. Interestingly, both participants were female and categorised as Analytic-Imager 
based on their cognitive ratios. Participant RM22 was coded as candidate 42 and participant 
BV43 as candidate 90 for the analysis purposes. Unfortunately, both participants were 
randomly assigned to Treatment 1; otherwise, it would be possible to compare if there were 
differences between the two extreme cases if one of them was assigned to Treatment 2.  
 
For a closer observation of the performances of both participants with an extreme cognitive 
ratio, a Kidmap, in one of the Quest estimate’s outputs investigated. A Kidmap provides 
detailed response pattern and fit statistics for each participant according to the Rasch model’s 
expectation. The Kidmap locates each test-item vertically indicating the item difficulty from 
easiest to hardest, while at the same time, the horizontal scale displays individual participant 
performance by indicating easy and hard items that the person correctly or wrongly answered. 
Furthermore, these maps also locate a person’s ability (marked as xxx) on the same vertical 
scale (See Figure 6.5 and Figure 6.6). Based on the Rasch model, the probability is higher for 
an individual to achieve test items below their ability estimate and lower probability in 
achieving test items above their ability estimate (Adam & Khoo 1996). 
 
Figure 6.5 shows the Kidmap of participant RM22; comparing her performances in both the 
pretest and posttest. The Kidmaps show that there were a few items that the participant did 
not achieve in the pretest that had then been achieved in the posttest and vice versa (see 
Table 6.12). Table 6.12 also shows the achievement of the reordered item, as discussed in 
Section 4.10.5.  
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Nevertheless, looking at the Kidmap of both the pretest and posttest indicates that there was 
a slight improvement in participant RM22’s performance as the participant ability estimate in 
answering the test-items increased from -0.68 to 0.18 with increased fit statistics from 0.69 
to 1.08 as seen in Table 6.13. Further examination of the table reveals that the percentage of 
the score is higher by 7.09 per cent in the posttest compared to the pretest.   
 
Table 6.12: Example of items depicting achievement  by RM22 
 Items  
Pretest [Posttest] Pretest Posttest 
Common items 
1[1] / / 
2[2] x / 
3[3] / / 
4[4] x / 
Reordered items 
 
10[13] / x 
11[14] / / 
14[10] / x 
15[11] / / 
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Figure 6.5 : Pretest and posttest Kidmaps for participant RM22 
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Table 6.13: Performance of participant RM22 
CCSD Pretest Posttest 
Ability -0.68 0.18 
Fit  0.69 1.08 
% score 40.74 47.83 
 
 
On the other hand, participant BV43, whose ratio is 3.39 on the Wholist-Analytic continuum 
and 1.59 on the Verbaliser-Imager continuum has performed differently from participant 
RM22. Observing both Kidmap of her pretest and posttest estimates revealed a decrease in 
terms of her performance.  
 
Based on Table 6.14, it can be seen that participant BV43’s ability estimate has decreased from 
0.71 to 0.48 with the percentage of post-test score lowered by 14.42 per cent compared to 
the pretest score. Referring to Figure 6.6, the Kidmap of both the pretest and posttest of 
participant BV43 reveals that there were achieved items in the pretest that later were not 
achieved in the posttest (for example : item-4, 10,18). Conversely, pretest items not achieved 
but were achieved in the posttest ( for example: item-6 and 17).  
 
 
Table 6.14: Performance of participant BV43 
CCSD Pretest Posttest 
Ability 0.71 0.48 
Fit  2.05 1.14 
% score 68.97 54.55 
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Figure 6.6 : Kidmaps of participant BV43 
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On another aspect, despite the increased and decreased performance of participant RM22 
and BV43 respectively, both participants had better fit statistics in the posttest; whereby 
participant RM22 has shown an increase from 0.69 in the pretest to 1.08 in the posttest, and 
participant BV43 decreased from 2.05 in the pretest to 1.14 in the posttest. However, the 
more important outcome that can be drawn based on the observation of these extreme cases 
are: (i) participant RM22 whose cognitive ratio was extreme on both the Analytic and Imagery 
continuum was found to have an improved performance compared to participant BV43 who 
was extreme only on the Analytic continuum given the web-based museum-visit treatment 
(Treatment 1), (ii) despite having an extreme cognitive ratio, both RM22 and BV43 appear to 
fit within the Rasch model as shown in Figure 6.7, the Case Estimates. 
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(ALL Posttest Run3)                                                                           
--------------------------------------------------------------------------------------------------------- 
Case Fit In input Order                                                                         
all on all (N = 91 L = 18 Probability Level= .50)                                                              
---------------------------------------------------------------------------------------------------------
INFIT                                                                                                          
MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      1.60      1.80      
2.0 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+----- 
  
 30 RM0912MA                                .             *|              . 
 31 RM1110MW                                .              |              * 
 32 RM1211FW                                .  *           |              . 
 33 RM1311FW                                .   *          |              . 
 34 RM1412MW                                .              |  *           . 
 35 RM1512FW                                .              |*             . 
 36 RM1610FW                                .              |              .         * 
 37 RM1711MW                                .              |      *       . 
 38 RM1811MA                                .              |              .              * 
 39 RM1912MW                                .              |            * . 
 40 RM2011MW                                .              |     *        . 
 41 RM2111FW                                .              *              . 
 42 RM2211FA                                .              |       *      . 
 43 RM2311MW                                .              |      *       . 
 44 RM2411FW                                .            * |              . 
 45 RM2510MW                                .              |     *        . 
 46 RM2612FA                                .              |              .     * 
 47 RM2913FA                                .              | *            . 
 48 RM3112MA                                .              |        *     . 
 49 RM3211MW                                .              |              .                * 
 50 RM3312FA                                .              |     *        . 
 51 BV0110MV                              * .              |              . 
 52 BV0211MA                                .              |    *         . 
 53 BV0312MA                                .              |              .      * 
 54 BV0412MW                                .              |      *       . 
 55 BV0510MW                                .      *       |              . 
 56 BV0610FW                             *  .              |              . 
 57 BV0710MW                                .              |*             . 
 58 BV0812MA                                . *            |              . 
 59 BV0910MW                                .              |*             . 
 60 BV1112FW                                .              |  *           . 
 61 BV1210MW                                .         *    |              . 
 62 BV1312FW                                .              |*             . 
 63 BV1511FW                                .  *           |              . 
 64 BV1610FA                                .             *|              . 
 65 BV1711MW                          *     .              |              . 
 66 BV1810FW                                .              | *            . 
 67 BV1913FW                                .              |              .    * 
 68 BV2011FA                                .              | *            . 
 69 BV2111FW                                .              *              . 
 70 BV2211MA                                .*             |              . 
 71 BV2311FW                                .              |              .   * 
 72 BV2411MW                                . *            |              . 
 73 BV2511MW                                .              *              . 
 74 BV2612FW                                .              |              .       * 
 75 BV2710MW                      *         .              |              . 
 76 BV2812FW                                .              | *            . 
 77 BV2912MA                                .              |   *          . 
 78 BV3011MW                                .           *  |              . 
 79 BV3111FA                                .             *|              . 
 80 BV3211FA                                .              |              .       * 
 81 BV3311FA                                .              |   *          . 
 82 BV3412FW                              * .              |              . 
 83 BV3611FW                                .            * |              . 
 84 BV3712MW                                *              |              . 
 85 BV3811FW                                .              |   *          . 
 86 BV3912MA                                .              |        *     . 
 87 BV4011MW                                . *            |              . 
 88 BV4110MW                           *    .              |              . 
 89 BV4211MW                                . *            |              . 
 90 BV4312FA                                *              |              . 
 91 BV4412MW                                . *            |              . 
====================================================================================================== 
 
Figure 6.7 : Participant estimates highlighting RM22 and BV43  
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6.4.4 The overall performance according to instructional treatment 
 
In general, the analysis showed that the participants scored higher on the posttest with 
Treatment 2 (0.76) than with Treatment 1 (0.66). However, the Treatment 2 group had a 
significantly higher prior domain knowledge score on the pretest (0.85 compared to 0.34). So 
the overall performances of participants in Treatment 1 were better than in Treatment 2. As 
illustrated in Figure 6.8, it is clearly shown that there was an improvement in the mean value 
between the pretest and posttest in Treatment 1 (+0.32). While on the other hand, 
performances of participants in Treatment 2 declined with a mean difference of -0.09 between 
pretest and posttest.  
 
 
Figure 6.8 : The mean analysis of pretest and posttest for both treatments. 
 
The mean analysis of the pretest shows that the performances of participants in Treatment 1 
(the web-based museum-visit) with a mean of 0.34 is lower than performances of participants 
in Treatment 2 (the physical museum-visit) with a mean value of 0.85 hence, it can be said 
that participants in Treatment 2 were more knowledgeable compared to those in Treatment 
1. More importantly, an improvement in participants’ performances in the posttest would 
reflect the effect of the treatment on the cognitive performances.  
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As illustrated in Figure 6.8, the mean analysis of the posttest shows that the participants’ 
performances improved to 0.66 with mean difference of 0.32 for the web-based museum-visit 
instructional strategy. Although the analysis indicated that the participants in the physical 
museum-visit instructional strategy (Treatment 2) had better prior dinosaur knowledge, their 
performances seemed to decline after the treatment whereby the result yielded a negative 
mean difference of 0.09. This result indirectly provided the opportunity to observe that 
participants of Treatment 1 (who were less knowledgeable than those in Treatment 2, yet with 
the given treatment, they could improve their performance). From these results, it can be 
generalised that the overall performances of the Treatment 1, which is the web-based 
museum-visit instructional strategy, was better than the Treatment 2 (the physical museum-
visit instructional strategy). This finding reveals evidence that web-based instruction could 
help to improve students learning performances.   
 
Further analysis was conducted to see the performances of the participants according to each 
single cognitive style dimension preference (SCSD) (Wholist-Analytic and Verbaliser-Imager) 
as well as the combined cognitive preferences (CCSD) based on the two cognitive style 
continuums (Wholist-Verbaliser, Wholist-Imager, Analytic-Verbaliser and Analytic-Imager). 
The results of the analysis will be discussed in the following sections. 
6.4.5 Single Cognitive Style Dimension (SCSD) performance 
 
Analysis on performance of SCSD in Treatment 1 was conducted by looking at both continua; 
Wholist-Analytic and Verbaliser-Imager separately. This result is very important as each 
continuum is contemplating a different cognitive mode; and the dimensions are independent 
of each other whereby a position on one dimension does not influence the position on the 
other dimension (Riding et al, 2003). The Wholist-Analytic continuum represents the 
processing mode of a person (which is inherent/fixed), whereas the Verbaliser-Imager 
continuum represents the thinking mode of a person whether the person is inclined to 
represent the information during thinking verbally or in mental pictures and can change 
according to the task at hand (Riding et. al., 2003). Therefore, it is crucial to look at the result 
based on the different continuum rather than comparing each style individually, and it will 
also reveal more meaningful analysis towards achieving the research objectives. The analysis 
of SCSD is tabulated in Table 6.15. 
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Table 6.15: SCSD cognitive performances according to treatment 
Cognitive Style 
Instructional Strategies 
Mean 
Diff T1 (N=47) T2 (N=44) 
pre post diff pre post diff 
 All 0.34 0.66 0.32 0.85 0.76 -0.09 0.41 
Processing 
mode 
Wholist 0.33 0.65 0.32 0.84 0.73 -0.11 0.43 
Analytic 0.95 0.67 -0.28 0.85 0.89 0.05 -0.32 
Thinking 
mode 
Verbaliser 0.26 0.72 0.47 0.91 0.80 -0.11 0.58 
Imager 0.48 0.60 0.13 0.82 0.75 -0.07 0.19 
 
 
As presented in Table 6.15, the analysis of the Wholist-Analytic continuum showed 
contradictory results whereby Wholists seem to perform well in Treatment 1 with a mean 
difference of 0.32 compared to Analytics (-0.28).  However, the situation was reversed in 
Treatment 2 in which Analytics perform slightly better with a small mean difference of 0.05 
compared to -0.11 for Wholist. On the Verbaliser-Imager continuum, Verbalisers seem to 
benefit most in Treatment 1 with a mean difference of 0.47 compared to Imager with mean 
diff = 0.13. Both Verbalisers and Imagers were found to have a negative mean difference of 
0.11 and 0.07, respectively in Treatment 2.  
 
Further analysis on the effect size is summarised in Table 6.16. The largest effect size was 
recorded by Verbaliser (d = 1.01), and for Wholist the effect size was considered medium with 
d = 0.68. Meanwhile, Analytic (d = 0.40) and Imager (d = 0.26) were both considered to have 
small effect size. Figure 6.9 illustrates the SCSD performances according to treatment. 
  
Table 6.16: The standard deviation and effect size of SCSD 
Cognitive Style 
Instructional Strategies Mean 
Difference 
(T1-T2) 
Effect Size T1 (N=47) T2 (N=44) 
Mean SD Mean SD 
 All 0.32 0.60 -0.09 0.74 0.41 0.61 
Processing 
mode 
Wholist 0.32 0.60 -0.11 0.69 0.43 0.68 
Analytic  -0.28 0.62 0.05 0.97 -0.33 0.40 
Thinking mode Verbaliser 0.47 0.52 -0.11 0.61 0.58 1.01 
Imager 0.13 0.64 -0.07 0.85 0.19 0.26 
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Figure 6.9 : The SCSD Performances according to treatment. 
 
6.4.6 Combined Cognitive Style Dimension (CCSD) performance 
 
Analysing the CCSD (Wholist-Verbaliser, Wholist-Imager, Analytic-Verbaliser and Analytic-
Imager), the overall results indicated that performance in Treatment 1 was better 
compared with Treatment 2 for all CCSD. Wholist-Verbaliser outperformed the other 
CCSD with a mean difference of 0.67 in Treatment 1. This result also showed that Wholist-
Imager performed the worst in Treatment 1, with the least mean difference of 0.08. 
Second best performer was the Analytic-Imager (0.44) followed by Analytic-Verbaliser 
(0.25). As for Treatment 2, Analytic-Verbaliser was the best performer with only 0.08 
differences in their mean metric. However, it should be noted that Analytic-Verbaliser 
group was the only CCSD that recorded improvement (with positive mean differences) 
when compared to the other three groups; Analytic-Imager, Wholist-Imager and Wholist-
Verbaliser that recorded negative mean difference. This result indicated that their 
performances declined after the instructional treatment. Comparison of CCSD 
performance in both Treatment1 and Treatment 2 revealed an interesting result where 
the Wholist-Verbaliser, was the highest achiever (mean diff = 0.67) in Treatment 1 and 
was found to perform the worst in Treatment 2 (mean diff = -0.18). The result also showed 
that two CCSD; Analytic-Imager and Wholist–Imager achievement was level with a mean 
difference of -0.07 for Treatment2.  The detailed performances of CCSD with instructional 
treatment (Treatment 1 and Treatment 2) are presented next in Table 6.17. 
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Table 6.17: Performances of CCSD according to treatment 
 
Cognitive 
Style 
Instructional Strategies Mean 
Difference 
(T1-T2) 
T1 (N=47) T2 (N=44) 
pre post diff pre post diff 
WV 0.00 0.66 0.67 0.88 0.70 -0.18 0.85 
WI 0.57 0.65 0.08 0.82 0.75 -0.07 0.15 
AV 0.54 0.78 0.25 1.01 1.09 0.08 0.17 
AI 0.06 0.50 0.44 0.80 0.73 -0.07 0.51 
 
 
Further analysis of the effect size is presented in Table 6.18. Looking at the magnitude of the 
effect size determined by Cohen’s d, the Wholist-Verbaliser was determined to have a large 
practical and important difference (Treatment 1 mean diff = 0.67, Treatment 2 mean diff = -
0.18, d = 1.44). The other three groups: Wholist-Imager, Analytic-Imager and Analytic-
Verbaliser, were calculated to have small effect size (d = 0.37, 0.33 and 0.23 respectively). 
Figure 6.10 illustrates the CCSD performances according to treatment.  
Table 6.18: Performances of CCSD. 
Cognitive 
Style 
Instructional Strategies 
Effect Size 
Cohen’s d T1(N=47) T2(N=44) 
Mean SD Mean SD 
WV 0.67 0.48 -0.18 0.68 1.44 
WI 0.08 0.56 -0.07 0.72 0.23 
AV 0.25 0.50 0.11 0.31 0.33 
AI 0.44 0.79 -0.07 1.76 0.37 
 
 
 
Figure 6.10 : The CCSD performances according to treatment 
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6.4.7 The interactive effects 
 
This section reports the interactive effects of the cognitive preferences and the instructional 
strategies on the museum-visit’s learning performances. Figure 6.11 and Figure 6.12 clearly 
illustrate interactive effects between the cognitive preference and instructional strategy in 
determining the cognitive performance outcomes of the museum-visit’s learning experience.   
 
As depicted in Figure 6.11 for the SCSD; three of the four groups (Wholist, Verbalisers and 
Imagers) performed better with Treatment 1, the web-based museum-visit. The Analytics 
performed better with Treatment 2. On the Wholist-Analytic continuum; the Wholists 
performed better with Treatment 1, and the Analytics achieved better performance in 
Treatment 2. While on the other hand, there was a large difference between the performance 
of Verbalisers and Imagers in Treatment 1 when examining the Verbaliser-Imager continuum 
results. The graph clearly indicated that the performance of the Verbalisers was far better 
than the Imagers. However, both Verbalisers and Imagers’ performances in Treatment 2 were 
almost on par with negative mean difference scores.  
 
 
Figure 6.11 : The interactive effects of the SCSD 
 
As for the interactive effects of CCSD and the instructional treatment, the interactive effect 
was clearly evidenced in Figure 6.12. All CCSD groups performed better in Treatment 1, with 
the Wholist-Verbalisers as the most outstanding comparison between Treatment 1 and 
Treatment 2 with a mean difference of 0.67 and -0.18 (as shown in Table 6.17) respectively.  
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Analytic-Imagers also showed a large difference between Treatment 1 and Treatment 2, 
whereas the Wholist-Imager and Analytic-Verbaliser only demonstrate a slight difference 
between their performances in Treatment 1 and Treatment 2.  
 
 
Figure 6.12 :  Interactive effect of CCSD and instructional treatment 
 
 
6.5 Summary   
This chapter discussed the cognitive performance outcomes of the main experiment using the 
Quest data analysis. The chapter also included discussion on the analysis and results of the 
cognitive performances of the participants (N=91) according to the SCSD (Wholist-Analytic and 
Verbaliser-Imager) and CCSD (Wholist-Verbaliser, Wholist-Imager, Analytic-Verbaliser and 
Analytic-imager) to investigate the effects of cognitive style preferences and instructional 
treatments on the performances of their museum-visit learning experiences. The next chapter 
(Chapter 7) provides the discussion on the results presented in this chapter hence leading to 
the conclusions on the outcomes of this research study. 
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7 Chapter 7:Discussion and Conclusion 
7.1 Overview 
This chapter presents the discussion of the research findings towards answering the research 
questions. To recapitulate – this work involved examining the cognitive performance 
outcomes of students aged 10 to 12 years old, who were given the web-based museum-visit 
as Treatment 1 or the physical museum-visit as Treatment 2. This work investigated with a 
series of quasi-experiments (pilot study, calibration study and main experiment). The main 
objective of this research was to examine the cognitive performance of students with different 
cognitive media preferences following their instructional treatments and also to observe any 
interactive effects between the students’ cognitive preferences and the instructional 
treatments. Several interesting findings were discovered during the research. Although some 
of the findings were not directly related to the research questions, they are worth mentioning 
in this discussion. The latter part of this chapter will then conclude the thesis.  
 
The chapter presents as follows: 
• findings of the thesis; 
• research contributions; 
• limitations of the research study; 
• suggestion for future research; and 
• concluding remarks. 
 
7.2 Findings of the thesis 
The findings are discussed in the following sub-sections: 
• the Wholistic-Analytic processing mode continuum; 
• the Verbal-Imagery thinking mode continuum; 
• the integrated cognitive preferences; and 
• the interactive effects of cognitive preference and instructional treatment. 
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7.2.1 The Wholist-Analytic processing mode continuum  
 
 
Wholists performed better than the Analytics given  
the web-based museum-visit (Treatment 1) 
 
 
 
Findings of the participants’ processing mode were derived based on observation of the 
Wholist-Analytic cognitive style continuum. The findings revealed that Wholists performed 
better given the web-based museum-visit (Treatment 1) compared to the physical museum-
visit pedagogy (Treatment 2) with an increase of 0.32 in mean difference between the pretest 
and posttest in Treatment 1 while the mean difference in Treatment decreased by 0.11. This 
result was contradictory to the Analytics, whose performance was better than the Wholists 
given the physical museum instructional format. Analytics, despite showing high-level prior 
domain knowledge in the pretest (mean = 0.95) did not perform better after receiving the 
treatment where they recorded a substantial drop in the posttest score (with mean difference 
= -0.28 compared to the pretest).  
 
To reiterate the Wholist-Analytic continuum represents the inherent information processing 
mode of an individual, Wholists may tend to process information as a whole while the 
Analytics may tend to break the information into smaller parts according to Sandler-Smith and 
Riding (1999). Having said this, the findings from this research study showed that the Wholists 
performed better in the online environment whereby all the information was being presented 
on the computer screen (with effect size, d = 0.68). Looking at the online museum-visitation 
web-page, the information presented in a structured manner. For example, all the dinosaur 
information was placed in a page dedicated to that particular dinosaur. The information was 
split structurally into different sections using web-page frames; henceforth all the information 
was viewable (in a single-screen) which may have helped the participants with a Wholist 
processing style to benefit from this kind of chunking instructional format.  
 
Unlike the web-based museum-visit instructional strategy (Treatment 1) the physical 
museum-visit pedagogy (Treatment 2) offered a more adventurous space whereby the 
dinosaur exhibits were displayed following the museum’s exhibition curation pedagogical 
requirements.  
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For example, taking a constructivism approach (please refer to section 2.4.4 in chapter 2 for 
the discussion on the different pedagogies available for museum exhibit curation), the exhibits 
were arranged in such a way that the museum visitors could learn about the exhibits in any 
order. It cannot be denied that this physical environment which housed the ‘live’ exhibits 
seemed to have more advantages (for choosing alternative exhibit investigations) compared 
to the online environment. As the participants could roam around exploring and admiring the 
physical dinosaur exhibits (from the researcher’s impromptu observation during the physical 
museum visit – the participants were very excited as each participant had their way in 
admiring each of the dinosaurs on show, looking closely at the bones, and other things). In so 
doing, these adventurous participants may have simply missed or ignored anything that did 
not interest them. In other words, their focus may have lingered around specific exhibits with 
particularised information. This ‘unstructured’ pedagogy seemed to be difficult for the 
Wholists to locate relevant information (such as the evolutionary timeline shows the 
relationships between animal groups) that were on display but not noticeable compared to the 
dinosaur objects that easily spotted), and therefore they did not perform well with the 
physical museum-visit instructional pedagogy (Treatment 2). 
 
Furthermore, there was a possible danger that these Wholists were lost when choosing their 
individual topics to explore (Sadler-Smith & Riding, 1999) due to the fixed nature of the 
traditional museum curation techniques. Nevertheless, this situation may have provided more 
advantages for the Analytic participant in the inherent way they process information. Analytics 
tend to process their information in chunks or smaller pieces, and so the scattered exhibits 
may have helped these participants to benefit from the dispersed exhibits in the physical 
museum setting. As the participants went from one exhibit to another during the visit, 
Analytics may have been able to use this opportunity (for more advantage to them than the 
Wholists) to cognitively process their exhibit information in a one-by-one manner and thereby 
benefit from the physical museum-visit curation techniques.  
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7.2.2 The Verbal-Imagery thinking mode continuum 
 
Verbalisers’ performances were better than Imagers given 
a web-based museum-visit (Treatment 1) 
 
Findings on the thinking mode continuum, which compared performance outcomes between 
Verbalisers and Imagers, showed that Verbalisers did performed better than Imagers in the 
web-based museum-visit (Treatment 1) with a mean difference of 0.47, compared to Imagers 
with a mean difference of 0.13. It is interesting to note that Analytics have a better start with 
higher prior domain knowledge (pretest mean = 0.48) compared to the Verbalisers (pretest 
mean = 0.26). Nevertheless, given the Treatment 1 (web-based museum instructional format) 
did facilitate the Verbalisers in their museum learning performances as their knowledge after 
the treatment showing an increase with mean difference = 0.47.  
 
While the Imagers did show some improvement given the web-based instructional format 
(Treatment 1) with mean difference = 0.13; although not as much as Verbalisers (mean 
difference = 0.47). As explained before, this Treatment 1 consisted of both textual-plus-
graphical instructions. Therefore, having both textual-plus-graphical information displayed 
together may have distorted the focus and concentration of the participants with an Imagery 
thinking mode. As according to Sandler-Smith and Riding (1999), an Imager tends to focus 
more on the image (rather than the textual information); the Imagers may have ‘inadvertently’ 
ignored or missed certain information displayed textually and thereby may have resulted in 
lower performance outcomes. This finding is supported by the apparent lack of impact from 
the combination of text-plus-graphical instructions on the Imagers as compared to the 
Verbalisers who tend to learn better when given text-plus-graphical instructions (McKay, 
1999; Mendelson & Thorson, 2004). 
 
On the other hand, for the physical museum-visit instructional pedagogy (Treatment 2); the 
findings show that the participants’ learning outcome performances declined despite having 
good levels of prior knowledge about dinosaurs, as can be seen in their pretest versus posttest 
performances for both the Verbalisers as well as the Imagers. Verbalisers with pretest mean 
= 0.91 were better in their pretest compared to Imager with mean = 0.82.  
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Nevertheless, it was quite surprising to see that both Verbaliser and Imager groups’ 
performances dropped after the physical museum-visit treatment reflected in their posttest 
mean difference of -0.11 and -0.07, respectively.   
 
Comparing the effect size highlights show that the Wholists had a medium effect size (d=0.68), 
whereas Analytics had a small effect size (d=0.40). Furthermore, a large effect size (with 
d=1.01) proven Verbalisers benefited a lot more from the web-based instructional formats 
compared to the physical museum instructional format.  
 
This result raises the question of whether these outcomes were influenced by the spatial 
factor of the traditional museum setting that provided different knowledge discovery 
pathways compared with the online pedagogies of Treatment 1. As illustrated in the 
Melbourne Museum floor map (Appendix B-2), the Dinosaur Walk exhibition was situated in 
an open space that also became a common pathway leading to the other nearby exhibitions. 
For example, the ‘Bugs Alive exhibition’; ‘Marine exhibition’; and a video room. This spatially 
rich arrangement may have caught the students’ attention and henceforth distracted their 
focus, resulting in declined performances compared to Treatment 1. This spatial/open space 
issue was noted by the researcher from an initial observation when planning the research 
design; thereby making appropriate logistical measures to address the validity of the research 
environment. To ensure that this spatial issue was addressed during the experimental 
activities, the researcher acquired help from the accompanying teachers to monitor their 
students in conducting the required experimental task while at the same time making sure 
that straying students were prevented from entering other museum exhibits. 
 
7.2.3 The integrated cognitive preferences  
Sadler-Smith and Riding (1999) maintain that the cognitive style preferences depicted as 
information processing and thinking mode are orthogonal dimensions and considered as 
independent continuums. This research study has integrated the information processing and 
thinking modes expressed as combined cognitive style dimensions (CCSD) as: Wholist-Imager 
(W-I); Wholist-Verbaliser (W-V); Analytic-Verbaliser(A-V); and Analytic-Imager (A-I), to provide 
a more comprehensive explanation of the possible interactive effects of cognitive style and 
instructional format.  
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This thesis extends the Mohamad (2012) research that investigated online instructional 
pedagogies using the CSA to allocate the web-based instructional strategies (text-plus-textual 
and text-plus-graphical format).  
 
The findings on the integrated cognitive preferences performance outcomes reveal an 
interesting finding whereby Wholist-Verbalisers were the best performers with the web-based 
instructional (Treatment 1) format (with mean difference = 0.67) as compared to their 
counterparts with the physical museum-visit Treatment 2 (mean difference = -0.18) hence 
having a practically large effect size (d=1.44) compared to the other CCSD. This finding is 
interesting as Wholist-Verbaliser are usually deemed as the lowest performers reported in 
many research studies. For example, Riding and Rayner (1998) have summarised outcomes of 
research that looked into instructional performance attainment for students aged 11 to 14 
years old. The data gathered shows that overall, the Wholist-Verbaliser was found to be the 
worst performer for all subjects under investigation (maths and science) but managed to 
become the second-best performer for English. Nevertheless, it should be noted here that 
those findings were also based on a traditional learning setting; whereby no elements of 
multimedia were involved. By contrast, to the more common axiom regarding cognitive style 
and proficiency in maths and science, the findings of this research propose that this different 
outcome may have resulted from the information representation techniques used in the 
museum-visit’s web-based instructional pedagogy that involved a combination of both textual 
and graphical information.  
 
7.2.4 The interactive effects of cognitive preference and instructional treatment 
 
 
There were interactive effects of students’ cognitive 
preferences and the museum instructional strategies in 
the museum learning performances in both SCSD and 
CCSD 
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The research findings confirmed that students’ cognitive preferences and the museum 
instructional strategies have an interactive effect on the museum learning performances.  
 
Observation on the SCSD depicts the effect was positive in Treatment 1 (the web-based 
museum instructional strategy) for Wholists, Verbalisers and Imagers; whereas Analytics have 
a better effect while receiving Treatment 2 (the physical museum instructional strategy). 
Riding and Rayner (1998) suggested that individual position on the Wholist-Analytic dimension 
interacts with structures of learning material (which refers to the external appearance and 
physical arrangement of the presented information) to affect performance.  In the case of 
web-based museum exhibit pedagogy; the Dinosaur Walk information consisted of both 
textual and images that was well-structured and had been presented systematically, hence 
providing some organisation to the learning material which gave an advantage to the Wholists 
who were less able to impose their own structure. Additionally, Riding and Grimley (1999) 
suggested that Wholists were good with computers. On the other hand, it was quite surprising 
to see that Analytics who tended to form information into conceptual groupings received 
minimal advantage from the well-structured web-based museum’s instructions. This 
circumstance may have resulted due to the limitation of the computerised window/screen 
size that hindered Analytics obtaining a full view (Riding & Rayner, 1998); hence they did not 
do well with web-based museum instructions.  
 
This work concurs that cognitive preferences appear to be a major influence on learning 
performance both at the level of interacting with instructional structure or presentation mode 
(Riding and Rayner, 1998).  
 
7.3 Additional findings 
In addition to the findings discussed above, the following are other interesting observations 
derived from the data analysis, including: 
• prior domain knowledge effect; and 
• online learning versus traditional pedagogies.  
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7.3.1 Prior domain knowledge effect 
From the very beginning of this work, the researcher was curious to see the performance of 
participants with good pretest scores. Typically, there would be an expectation that those 
participants with high prior domain knowledge level to perform better than participants with 
lower levels of prior domain knowledge.  
 
Moreover, those participants with low prior knowledge may have limited chances to succeed. 
Nevertheless, the findings here reveal otherwise. Despite having higher prior domain 
knowledge about dinosaurs, the data analysis has shown that the chances for a better test 
performance were wide open for everyone. This result not only indicates that it has been 
unfair or wrong to assume that those with better (common) knowledge levels will always 
perform better. For an online instructional environment, in particular, it should be noted that 
if the presented content is familiar or already known to the learner – the learning may not be 
meaningful or provide an enjoyable experience to the student anymore (Merrill et al., 2008). 
Furthermore, as asserted by Mayer (2009), multimedia design effects are stronger for low-
knowledge learners than for learners with higher levels of knowledge. This finding also 
supports the similar findings in McKay (1999) whereby novice-learners (those with low prior 
knowledge) learn better from the textual-plus-graphical metaphor instructional format, 
compared with experienced-leaners (those with higher levels of prior domain knowledge).  
 
Although this research study has considered the participants’ prior domain knowledge using 
the pretest assessment instruments; asking the participants if they have experienced the 
dinosaur walk exhibition (in particular) or the museum in general (and perhaps some of them 
may have visited the museum previously), they will surely provide a clearer picture towards 
justifying their answer. During the research preparation, consideration was given for the 
possibility of students having already been to the museum by asking their teachers in general. 
The feedback received from the teachers was negative (teachers reported to the researcher 
that their students spent most of their time going nowhere – thus drawing an assumption 
based on the students’ classroom reflection on how they spend their school holidays or 
weekends). This information did not help the researcher other than to make a predictive 
conclusion towards the findings that may need to be made. Therefore, keeping this in mind, 
it is suggestive that for future researchers to take note of this consideration.  
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7.3.2 Online learning environment versus traditional pedagogies  
Furthermore, this work has also proven that appropriate learning support (in this case – with 
regards to the web-based/online instructional format of Treatment 1) helped assist the 
learning process of individual participants with lower prior domain knowledge.  
More importantly, this finding also provides the opportunity to observe the various museum 
exhibit instructional formats that may be affecting the participants’ learning performance 
outcomes. This finding indicates that online pedagogies are appropriate instructional vehicles 
and are crucial in facilitating the learning process, particularly with primary school-aged 
children. As suggested by Goldman (2003), a deeper understanding of the learning condition 
is crucial. 
 
7.4 Objective of the study – revisited  
The main aim of this study was to understand whether the online museum instructional 
system interface (ISI)-design facilitated primary school students in their museum visit learning 
experiences for a range of cognitive style preferences. To achieve the research aim the main 
objective was formulated, which was to examine the interactive effect of instructional system 
design (ISD)-format (web-based museum-visit vs physical museum-visit) and cognitive style 
preferences on the cognitive performance outcomes relating to the museum-visit. In 
accomplishing the main objective, two specific sub-objectives were devised: i) to examine the 
learning performances of students with different cognitive preferences in their museum 
learning experiences; ii) to investigate the effect of interaction between the museum 
instructional strategies and the learners’ cognitive preferences on the museum learning 
experiences. 
At the end of this study, the main aim was achieved through the completion of the two 
supporting sub-objectives. The first sub-objective was achieved through the analysis and 
findings of the main experiment based on two continuums of Riding’s cognitive styles: the 
Wholist-Analytic processing mode continuum and Verbaliser-Imagery thinking mode 
continuum referred as single cognitive style dimension (SCSD). Further analysis was also 
conducted on the integrated information processing and thinking modes continuums 
expressed as combined cognitive style dimensions (CCSD): Wholist-Imager (WI); Wholist-
Verbaliser (WV); Analytic-Verbaliser (AV) and Analytic-Imager (AI).   
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The second sub-objective was accomplished based on a more comprehensive examination of 
the interactive effects of cognitive style and the museum instructional formats as both sub-
objectives were achieved, hence the main objective.  
Figure 7.1 below illustrates the conduct of the thesis in achieving the research objectives.  
 
Section 7.1.1 
Wholist-Analytic 
continuum 
   
Research Aim 
  Sub-Obj 1   
Section 7.1.2 
Verbal-Imagery 
continuum 
 
Sub-RQ1 
  
     
Section 7.1.3 
Integrated 
cognitive 
preferences 
   
Research 
Question 
  Sub-obj 2  Research Obj 
Section 7.1.4 
The interactive 
effects 
 
Sub-RQ2 
 
 
 
Figure 7.1 : Illustration of how the research objective was achieved. 
 
7.5 Limitations of the research study 
The limitations of this work were identified and should be noted for future studies: 
 
• Due to the ethical constraints and the setting of the research, a ‘true experimental’ 
study cannot be implemented as it was impossible to randomly assign the participants 
from different schools into the treatment groups. It should also be noted that because 
the participants came from different schools has foreseen that the number of 
participants in each cognitive preference groups was not evenly spread.  
• Another limitation the research study needed to face was the timing of the research 
conducted for data collection. Any research conducted that involves school children 
should be linked to the schools’ activities or educational programmes. It should be 
noted that school activities were planned ahead and sometimes it is quite difficult for 
the teachers to slot in the research schedule.  
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Besides, the usual school holiday timetable also hindered the data collection process, 
as all research activities (relating to the teachers/children involvement) can only be 
carried out during school days. These issues were very challenging, as it became quite 
difficult for the researcher to formalise the elementary schools’ involvement 
consent/agreement to be involved in the research study.  
• As the research study investigated the physical museum setting in comparison to the 
online instructional pedagogies, the data collection process involved school children’s 
mobility (from the school to the physical Melbourne Museum). This circumstance 
became a logistical funding issue (the bus trips needed to be paid for by the 
researcher). More importantly, these travel arrangements caused some issues in 
getting parental consent to allow their children to become involved in the research 
study. This problem became very obvious in school (BV), where 18-students were not 
allowed to participate in the research study due to this mobility issue.  
 
7.6 Suggestions for future research 
The following recommendations are offered for future research within a similar context to this 
study: 
• This study has investigated the interactive effects of cognitive preferences and two 
museum-visit pedagogies. Although the results provide insightful understandings 
within the context of this investigation, it is recommended for future research to 
consider the ‘theories of human cognitive load,’ to reveal a better understanding of 
the effects of different pedagogical formats upon museum-visit’s learning experiences.  
• This research utilised an existing online museum-visiting web-site. It is recommended 
that future research projects to design and develop newly specified online pedagogies 
for another research investigation. As online instructions that are created within a 
multimedia platform, by designing and developing specific instructional ‘tools’ for such 
new research would offer the researchers a better understanding of how the media 
effects the learning performance outcomes.  
• This research study utilised quantitative data analysis that was convenient to analyse 
despite the hard work in preparing the data collection tools. However, having 
supported this work with qualitative data would have provided a more holistic insight 
towards better understandings of the overall analysis (to triangulate the data analysis) 
on how the cognitive preference for media platform delivery and the pedagogical 
formats affects the experiential learning process.  
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7.7 Concluding remarks 
It is recognised that museum-visitation learning is informal; as yet the design and curation of 
the learning experiences are very much emphasised by the application of different learning 
theories (Hein, 1998; Schaller & Allison-Bunnell, 2003; Schaller et al., 2007) to suit the desired 
learning outcomes. In practice, specific attention has always been given to measuring the 
learning outcomes and the effectiveness of the museum-visit learning programs (Hooper-
Greenhill, 2004) and by considering human cognitive psychology (Hein, 1998). With the advent 
of ICT tools, particularly the web-based and multimedia tools have created remarkable 
changes in the way the museums perform their exhibit-curation functions while offering 
exciting challenges for museum-visitation learning experiences (Gillani, 2003; Griffin, 2008; 
Sumption, 2006; Soren, 2005). To make the most of digital-technology, however, requires 
comprehensive and continuous investigations and much exploration (Mayer, 2018).    
 
Due to the increasing challenges for a well-designed learning environment to accommodate 
the visitors’ different cognitive abilities (Gentner et al., 2015; Deshpande et al., 2007), this 
research has investigated the interactive effects of the cognitive media preferences and 
instructional treatments (web-based and physical museum-visits) employed for the Dinosaur 
Walk exhibition on the individual performance outcomes. The research studies were 
conducted in three phases that commenced with the design and development of the testing-
items (pretest and posttest) instrumentation. After completing the first phase, the calibration 
study carried out to check the validity and reliability of the assessment instrumentation (as 
well as the research schedule) that planned for the data collection process. The final phase; 
the main study was then conducted to answer the research question(s) in order to accomplish 
the objectives of this PhD research study. The quantitative data derived from the studies were 
analysed using a Rasch measurement model and Item Response Theory (IRT).  
 
The findings showed that there were interactive effects between the museum-visit 
pedagogies and individual cognitive preference. In the calibration study, one of the combined 
cognitive preferences; Wholist-Verbaliser (WV) achieving high effect size (with d=0.75) while 
the claim is strengthened as the main experiment revealed that Wholist-Verbaliser (WV) on 
the CCSD analysis effect size d values at 0.85. Meanwhile, Verbaliser on the SCSD effect size is 
practically large with d=1.01. 
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This work provides designers with a predictable measure of the instructional performance 
outcomes. Although this research was conducted within a specific context of a museum-
visitation exhibition (the Dinosaur Walk in Melbourne Museum); the instructional 
performance outcomes do provide important understandings of the interactive relationship 
between the design of museum-visits’ instructional strategies and individual cognitive 
preferences towards enhancing museum-visitation learning experiences; thus help museum 
better to understand their diverse audience (Callanan, 2012). More importantly, the research 
outcomes provide a quality data analysis to the research communities’ body of knowledge 
when investigating the interactive effects of individual cognitive preferences and instructional 
strategies within an informal learning environment. By examining both instructional strategies 
(the web-based museum-visit environments as well as the physical museum-visit), the lessons 
learnt from these research outcomes can be utilised by others in designing high-quality 
multimedia learning environments and enhance the design of personalised digital learning 
experiences.
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Appendix A: Research Ethical Concern 
Appendix A-1: Consent Form 
RMIT UNIVERSITY 
College of Business  
School of Business Information Technology 
RMIT BUSINESS COLLEGE HUMAN ETHICS ADVISORY NETWORK 
Prescribed Consent Form for Persons Participating In Research Projects Involving 
Interviews, Questionnaires, Focus Groups or Disclosure of Personal Information 
Name of Participant: 
Project Title: Investigation of the interactive effects of information system interfaces (ISI) and personal cognitive preferences in museum 
learning experiences 
Name(s) of Investigators:        (1) Asmidah Alwi 
  (2) Elspeth McKay PhD FACS 
1. I have received a statement explaining the interview/questionnaire involved in this project. 
2. I consent to participate in the above project, the particulars of which - including details of the interviews or 
questionnaires - have been explained to me. 
3. I authorise the investigator or his or her assistant to interview me or administer a questionnaire.
4. I give my permission to be audio taped:  Yes   No 
5. I give my permission for my name or identity to be used:  Yes   No 
6. I acknowledge that: 
(a) Having read the Plain Language Statement, I agree to the general purpose, methods and demands of 
the study. 
(b) I have been informed that I am free to withdraw from the project at any time and to withdraw any 
unprocessed data previously supplied. 
(c) The project is for the purpose of research and/or teaching. It may not be of direct benefit to me. 
(d) The privacy of the information I provide will be safeguarded.  However should  information of a private 
nature need to be disclosed for moral, clinical or legal reasons, I will be given an opportunity to 
negotiate the terms of this disclosure. 
If I participate in a focus group I understand that whilst all participants will be asked to keep the 
conversation confidential, the researcher cannot guarantee that other participants will do this. 
(e) The security of the research data is assured during and after completion of the study.  The data 
collected during the study may be published, and a report of the project outcomes will  be provided 
to_____________(researcher to specify).   Any information which may be used to identify me will not 
be used unless I have given my permission (see point 5). 
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Participants’ Consent 
 
 
 
Name: 
 Date:  
(Participant) 
 
 
Name:  Date:  
(Witness to signature) 
   
 
Where participant is under 18 years of age: 
 
 
I consent to the participation of ____________________________________ in the above project. 
 
Signature: (1)                                             (2) Date:  
(Signatures of parents or guardians) 
 
Name:  Date:  
(Witness to signature) 
 
Participants should be given a photocopy of this consent form after it has been signed. 
Any complaints about your participation in this project may be directed to the Chair, Business College Human Ethics Advisory 
Network, College of Business, RMIT, GPO Box 2476V, Melbourne, 3001.  The telephone number is (03) 9925 5598 or email address 
rdu@rmit.edu.au. Details of the complaints procedure are available from  http://www.rmit.edu.au/browse;ID=2jqrnb7hnpyo 
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Appendix A-2: Plain Language Statement 
RMIT UNIVERSITY 
College of Business  
School of Business Information Technology 
and Logistics 
Research Project Plain Language Statement 
PROJECT TITLE: Investigation of the interactive effects of information system interfaces 
(ISI)  and personal cognitive preferences in museum learning experiences 
INVESTIGATORS: Asmidah Alwi 
PhD candidate,  
School of Business Information Technology, 
RMIT University 
Associate Professor Elspeth McKay PhD, FACS  
Research Supervisor, Senior Lecturer 
School of Business Information Technology,  
RMIT University 
Sue Reynold PhD 
Research Supervisor, Lecturer 
School of Business Information Technology, 
RMIT University
Dear Parents 
Your child is invited to participate in a research project being conducted by RMIT 
University in collaboration with Melbourne Museum.  
This research is being conducted by Asmidah Alwi, a Business Information Systems 
PhD student enrolled in the School of Business Information Technology and Logistics. 
The research is supervised by Dr. Elspeth McKay and Dr. Sue Reynolds of the School 
of Business Information Technology and Logistics, RMIT University. This research 
looks at how student of particular age group deals with information representation 
formats (verbally or visually) in the online museum. As part of the assessment, 
students’ cognitive styles will be considered. Findings of this research will provide 
further understanding of the effectiveness of the information representation formats 
in conjunction with students’ cognitive preferences. This will provide important details 
- 4 - 
to guide the development of an effective online learning environment that could help 
students learn meaningfully.  
Your child has been approached to participate in this research project because his/her 
school has been identified from the Melbourne Museum booking database for a visit to 
the ‘Dinosaur Walk’ exhibition at the museum.  
The data will be collected using questionnaires and screen activities recordings 
software. The information collected will be treated as confidential and used for 
research purposes connected with this project only. Confidentiality of the information 
provided will be protected subject to any legal limitations. Access to the information 
will be restricted to the investigators only. As required by the University, data will be 
held in locked cabinets in the School of Business IT and Logistics, and destroyed using 
confidential waste disposal techniques after five years following last publication from 
the research. No individual person or organisation will be identifiable in any research 
reports. Once the analysis of this research has been completed, a brief summary of 
the findings will be available to you on application to the investigators. It is also 
possible that the results will be presented at academic conferences.  
There are no foreseeable risks associated with your child participation in this research 
project. However, due to the nature of the data collection process, we are obtaining 
written consent from you. Please read this consent carefully, and be confident that you 
understand its content before signing the consent form.  
Participation in the research project is voluntary, and your child may withdraw their 
consent to participate and discontinue participation at any time. They may also 
withdraw any data previously provided. Any information that you child provides can be 
disclosed only if (1) it is to protect them or others from harm, (2) a court order is 
produced, or (3) you provide the researchers with written permission. 
This project received clearance by the RMIT HRE (Human Research Ethic) Committee. 
If you have any questions about the research project, please do not hesitate to 
contact the investigator or the supervisors listed above if you need further clarification 
of the research project.  
Thank you for your participation in this research. 
Yours Sincerely, 
Asmidah Alwi 
(PhD Candidate) 
RMIT University 
Any complaints about your participation in this project may be directed to the Chair, Business College Human Ethics Advisory 
Network, College of Business, RMIT, GPO Box 2476V, Melbourne, 3001.  The telephone number is (03) 9925 5598 or email address 
rdu@rmit.edu.au. Details of the complaints procedure are available from  http://www.rmit.edu.au/browse;ID=2jqrnb7hnpyo
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Appendix B: Experimental-related items 
Appendix B-1: Experimental Procedure 
At
 th
e 
sc
ho
ol
 la
b/
lib
ra
ry
 
5-minutes Briefing 
(All participants) 
T1 T2 
5-minutes 
Task briefing 
Activities  
with  
teachers 
30-minutes 
Pretest 
2-min break 
30-minutes  
Web-based 
Dinosaur Walk-visit 
2-min break 
30-minutes 
Posttest 
15-minutes 
Bus trip to Melbourne 
Museum  
At
 th
e 
m
us
eu
m
 
5-minutes  
Task briefing 
Activities  
with  
teachers 
30-minutes 
Pretest 
5-min 
“movement” to the  
Dinosaur Walk  
30-minutes visit to 
the  
Dinosaur Walk  
5-min 
“movement” back  to  
Activity Room A 
30-minutes  
Posttest  
15-min 
lunch  
Visit to other  
museum galleries  
15-min trip back to school 
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Appendix B-2: Melbourne Museum Floor map 
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Appendix B-3: Task Sheet 
 
Your task: 
 
1. Make sure you are on this page of the website: 
 
http://museumvictoria.com.au/melbournemuseum/discoverycentre/dinosaur-walk/meet-the-
skeletons/ 
 
2. There is a list of ancient animal names on the left hand side of the screen. Each of the names 
is clickable.   
 
 
 
3. When you click on the name, all the information related to the animal will be displayed on 
the right side of the webpage. For example like this one: 
 
- 14 - 
 
 
 
4. You need to click on the names and get to know the animals from the information on the 
screen.  
 
5. You have 30 minutes for this activity.  
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Appendix B-4: Teacher Information Letter 
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Appendix B-5: CSA Interpretation sheet 
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Appendix C: Assessment Instrument 
 
Appendix C-1: Calibration Study 
Appendix C-1-1: Pretest-Calibration study 
 
 
- 18 - 
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Appendix C-1-2: Posttest-Calibration study 
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Appendix C-1-3: Score sheet-Calibration study 
 
Score sheet for item test instruments for Dino Walk [Pre/Posttest]  
Calibration study 
 
Pre-test Post-test 
1. a. wrong 
    b. wrong 
    c. correct 
    d. correct 
    e. correct 
     
2. pterosaurs and megafauna 
 
3. a. 251 
b. 65 
c. dinosaurs 
 
4. any two dinosaurs name 
 
5.  
 
 
x 
 
x 
 
 
 
 
6. Australia 
 
7.  meteor 
 
8.  
x Fast runner 
 Armour plated skin 
x Sharp teeth 
 Moves on four legs 
 Small beak 
 
9.  
5 2 4 1 3 
 
10. bones 
11. head 
12. horns 
13. wings 
14. Any relevant country 
15. plant/food 
16. reptile 
 
 
1. a. wrong 
    b. wrong 
    c. correct 
    d. wrong 
    e. correct 
 
2. pterosaurs and megafauna 
 
3 a. 251 
b. 65 
c. dinosaurs 
 
4.  
x Herbivore 
x Effective teeth 
 Sharp teeth 
 carnivore 
x Fast runner 
 
5. 
5 4 2 3 1 
 
6.  
 
 
7.Any 3 names 
 
8.  
x 
 
 
 
x 
 
 
 
9. bones 
10.horns 
11. body 
12. wings 
13. meteor 
14. any country 
15. plant/food 
16. reptile 
 
 *Item marked in pink refers to modified instruments from the pre-test 
* Item marked in green refers to common items 
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Appendix C-2: Main Experiment 
 
Appendix C-2-1: Pretest-Main experiment 
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Appendix C-2-2: Posttest-Main experiment 
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- 33 - 
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Appendix C-2-3: Score sheet-Main experiment 
 
Score sheet for item test instruments for Dino Walk [Pre/Post test]  
MAIN EXPERIMENT 
Pre-test Post-test 
1. a. wrong 
    b. wrong 
    c. correct 
    d. correct 
    e. correct 
     
17. pterosaurs and megafauna 
 
18. a. 251 
b. 65 
c. dinosaurs 
 
19. any two dinosaurs name 
 
20.  
 
 
x 
 
x 
 
 
 
x 
 
 
21. Australia 
22.  meteor 
23.  
x Fast runner 
 Armour plated skin 
x Sharp teeth 
x Moves on two legs 
 Small beak 
 
24.  
5 2 4 1 3 
 
25. bones 
26. head 
27. horns 
28. wings 
29. plant/food 
30. reptile 
 
 
 
*Item marked in pink refers to modified instruments 
from the pre-test 
* Item marked in green refers to common items 
 
1. a. wrong 
    b. wrong 
    c. correct 
    d. wrong 
    e. correct 
 
3. pterosaurs and megafauna 
 
4 a. 251 
b. 65 
c. dinosaurs 
 
4.  
x Herbivore 
x Effective teeth 
 Sharp teeth 
 carnivore 
x Fast runner 
 
5. 
5 4 2 3 1 
 
6.  
 
 
7.Any 3 names 
 
8.  
x 
 
 
 
x 
 
 
 
x 
 
10. bones 
10.horns 
17. body 
18. wings 
19. meteor 
20. plant/food 
21. reptile 
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Appendix D: QUEST output files 
Appendix D-1 : Calibration Study (Pretest) 
 
D-1-1: Data File  
 
ML0110001120012210x30010111 
ML021010110000011x2310xxxx0 
ML0421011000002211230110111 
ML0510111110002200220010110 
ML0621011120112111250010101 
ML0711011100002201251110111 
ML082101011100210011x11x111 
ML0921010111102100151111111 
ML1011010010011201230000101 
ML1110000100002001131010111 
ML12110111x0001200100000111 
ML1311110110002200150010101 
ML1410111000002201231110111 
ML1521001110012210250010101 
ML1621011111011210251101101 
ML1821011100002210250111111 
ML1921011110002211230011111 
ML2011110110112210151111111 
ML2110000101012210231010111 
ML2211111100012201231011110 
ML2321010111112100211110111 
ML2521011010012201231011100 
ML2621011101112200251010111 
ML2721001111112211231011111 
ML2811011111112200251011111 
ML2911010000002010230000100 
ML3111011111012201250110111 
ML3221011111112210250111110 
ML3321110110002210250000101 
ML3421000111102110211101111 
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D-1-2: Control File  
 
Title (Calibration Study)  
 
set width = 110 !page 
set logon >-calrun1log.txt 
data_file <<moreland pretest.txt 
codes " 012345" 
format PCode 1-4 Treatment 5 items 6-27 
 
 
*                  1          
*   1111123334567890123456 
*   abcde abc   
key 1111111111111111111111 !score=1 
key yyyyy2yyy22yy22yyyyyyy !score=2 
key yyyyyyyyyyyyyy3yyyyyyy !score=3 
key yyyyyyyyyyyyyy4yyyyyyy !score=4 
key yyyyyyyyyyyyyy5yyyyyyy !score=5 
 
item_names<<namelist.txt 
*anchor !items <<pre_anc.txt 
*delete !items <<calrun1_del.txt 
 
 
estimate !iter=100 
 
show settings >-calrun1_set.txt 
 
show !map=1 >-calrun1_1map.txt 
show !map=2 >-calrun1_2map.txt 
show !map=3 >-calrun1_3map.txt 
 
show !table=1 >-calrun1_1tab.txt 
show !table=2 >-calrun1_2tab.txt 
show !table=3 >-calrun1_3tab.txt 
show !table=4 >-calrun1_4tab.txt 
 
show items !form=anchor >-pre_anc.txt 
 
show cases !order=estimate >-calrun1_cso.txt 
show cases !order=fit >-calrun1_csf.txt 
show items !order=estimate >-calrun1_ito.txt 
show items !order=fit >-calrun1_fit.txt 
 
itanal >-calrun1_out.txt 
 
*logit_table >-calrun1_logit.txt 
*kidmap 1-125>-calrun1_kid.txt 
 
bye 
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D-1-3: Item analysis for the observed responses 
 
(Calibration Study)                                                               
-------------------------------------------------------------------------------------------------------------- 
Item Analysis Results for Observed Responses                                                    
all on all (N = 30 L = 22 Probability Level= .50)                                                              
-------------------------------------------------------------------------------------------------------------- 
.............................................................................................................. 
  
Item    1: Q1a                                 Infit MNSQ =  .96 
                                                     Disc =  .40 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         6        24         0         0         0         0         0 
Percent (%)         .0      20.0      80.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.36       .36        NA        NA        NA        NA 
p-value             NA      .024      .024        NA        NA        NA        NA 
Mean Ability        NA      -.10       .61        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                 -1.01 
Error                        .48 
.............................................................................................................. 
.............................................................................................................. 
  
Item    2: Q1b                                 Infit MNSQ = 1.25 
                                                     Disc = -.09 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        23         7         0         0         0         0         0 
Percent (%)         .0      76.7      23.3        .0        .0        .0        .0 
Pt-Biserial         NA       .10      -.10        NA        NA        NA        NA 
p-value             NA      .303      .303        NA        NA        NA        NA 
Mean Ability        NA       .51       .35        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  1.72 
Error                        .45 
.............................................................................................................. 
.............................................................................................................. 
  
Item    3: Q1c                                 Infit MNSQ = 1.07 
                                                     Disc =  .22 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         7        23         0         0         0         0         0 
Percent (%)         .0      23.3      76.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.19       .19        NA        NA        NA        NA 
p-value             NA      .154      .154        NA        NA        NA        NA 
Mean Ability        NA       .18       .56        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  -.81 
Error                        .45 
.............................................................................................................. 
.............................................................................................................. 
  
Item    4: Q1d                                 Infit MNSQ =  .98 
                                                     Disc =  .36 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        11        19         0         0         0         0         0 
Percent (%)         .0      36.7      63.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.37       .37        NA        NA        NA        NA 
p-value             NA      .023      .023        NA        NA        NA        NA 
Mean Ability        NA       .14       .66        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  -.13 
Error                        .40 
.............................................................................................................. 
.............................................................................................................. 
  
Item    5: Q1e                                 Infit MNSQ =  .98 
                                                     Disc =  .33 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         5        25         0         0         0         0         0 
Percent (%)         .0      16.7      83.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.30       .30        NA        NA        NA        NA 
p-value             NA      .054      .054        NA        NA        NA        NA 
Mean Ability        NA      -.06       .58        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                 -1.25 
Error                        .51 
.............................................................................................................. 
============================================================================================================== 
                                                  *****Output Continues**** 
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Item    6: Q2                                  Infit MNSQ = 1.06 
                                                     Disc =  .29 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        10        17         2         0         0         0         1 
Percent (%)         .0      34.5      58.6       6.9        .0        .0        .0 
Pt-Biserial         NA      -.30       .25       .08        NA        NA        NA 
p-value             NA      .057      .098      .338        NA        NA        NA 
Mean Ability        NA       .23       .67       .70        NA        NA        NA      -.92 
  
Step Labels                   1         2 
  
Thresholds                  -.13      2.89 
Error                        .75      1.08 
..............................................................................................................                                                
.............................................................................................................. 
  
Item    7: Q3a                                 Infit MNSQ =  .93 
                                                     Disc =  .41 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        19        11         0         0         0         0         0 
Percent (%)         .0      63.3      36.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.41       .41        NA        NA        NA        NA 
p-value             NA      .012      .012        NA        NA        NA        NA 
Mean Ability        NA       .25       .86        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  1.04 
Error                        .40 
.............................................................................................................. 
.............................................................................................................. 
  
Item    8: Q3b                                 Infit MNSQ =  .81 
                                                     Disc =  .54 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        21         9         0         0         0         0         0 
Percent (%)         .0      70.0      30.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.53       .53        NA        NA        NA        NA 
p-value             NA      .001      .001        NA        NA        NA        NA 
Mean Ability        NA       .21      1.09        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  1.36 
Error                        .42 
.............................................................................................................. 
.............................................................................................................. 
  
Item    9: Q3c                                 Infit MNSQ =  .85 
                                                     Disc =  .52 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        15        15         0         0         0         0         0 
Percent (%)         .0      50.0      50.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.53       .53        NA        NA        NA        NA 
p-value             NA      .001      .001        NA        NA        NA        NA 
Mean Ability        NA       .08       .86        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                   .46 
Error                        .39 
.............................................................................................................. 
 
.............................................................................................................. 
  
Item   10: Q4                                  Infit MNSQ =  .93 
                                                     Disc =  .38 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         1         3        26         0         0         0         0 
Percent (%)         .0       3.3      10.0      86.7        .0        .0        .0 
Pt-Biserial         NA      -.27      -.26       .37        NA        NA        NA 
p-value             NA      .074      .086      .023        NA        NA        NA 
Mean Ability        NA      -.58      -.04       .57        NA        NA        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                 -1.88     -1.12 
Error                       1.31      1.16 
.............................................................................................................. 
============================================================================================================== 
                                                  *****Output Continues**** 
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Item   11: Q5                                  Infit MNSQ =  .87 
                                                     Disc =  .50 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         2         6        22         0         0         0         0 
Percent (%)         .0       6.7      20.0      73.3        .0        .0        .0 
Pt-Biserial         NA      -.52      -.10       .38        NA        NA        NA 
p-value             NA      .002      .296      .018        NA        NA        NA 
Mean Ability        NA      -.81       .28       .64        NA        NA        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                 -1.53      -.45 
Error                       1.00       .85 
.............................................................................................................. 
.............................................................................................................. 
  
Item   12: Q6                                  Infit MNSQ = 1.14 
                                                     Disc =  .14 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        15        15         0         0         0         0         0 
Percent (%)         .0      50.0      50.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.14       .14        NA        NA        NA        NA 
p-value             NA      .226      .226        NA        NA        NA        NA 
Mean Ability        NA       .36       .58        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                   .46 
Error                        .39 
.............................................................................................................. 
.............................................................................................................. 
  
Item   13: Q7                                  Infit MNSQ = 1.19 
                                                     Disc =  .07 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        18        11         0         0         0         0         1 
Percent (%)         .0      62.1      37.9        .0        .0        .0        .0 
Pt-Biserial         NA      -.11       .11        NA        NA        NA        NA 
p-value             NA      .283      .283        NA        NA        NA        NA 
Mean Ability        NA       .48       .56        NA        NA        NA        NA      -.58 
  
Step Labels                   1 
  
Thresholds                  1.02 
Error                        .40 
.............................................................................................................. 
.............................................................................................................. 
  
Item   14: Q8                                  Infit MNSQ = 1.01 
                                                     Disc =  .00 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         0         6        23         0         0         0         1 
Percent (%)         .0        .0      20.7      79.3        .0        .0        .0 
Pt-Biserial         NA        NA      -.27       .27        NA        NA        NA 
p-value             NA        NA      .082      .082        NA        NA        NA 
Mean Ability        NA        NA       .15       .56        NA        NA        NA       .30 
  
Step Labels                   1         2 
  
Thresholds                            -.97 
Error                                  .48 
.............................................................................................................. 
.............................................................................................................. 
  
Item   15: Q9                                  Infit MNSQ = 1.00 
                                                     Disc =  .66 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         1         3         1        12         0        13         0 
Percent (%)         .0       3.3      10.0       3.3      40.0        .0      43.3 
Pt-Biserial         NA      -.37      -.12      -.15      -.30        NA       .56 
p-value             NA      .021      .257      .207      .053        NA      .001 
Mean Ability        NA      -.92       .09      -.16       .14        NA      1.02        NA 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                 -1.72      -.66      -.52       .64       .64 
Error                       1.13       .82       .79       .42       .42 
.............................................................................................................. 
============================================================================================================== 
                                                  *****Output Continues****   
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Item   16: Q10                                 Infit MNSQ = 1.11 
                                                     Disc =  .19 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        14        15         0         0         0         0         1 
Percent (%)         .0      48.3      51.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.22       .22        NA        NA        NA        NA 
p-value             NA      .127      .127        NA        NA        NA        NA 
Mean Ability        NA       .35       .63        NA        NA        NA        NA      -.23 
  
Step Labels                   1 
  
Thresholds                   .41 
Error                        .39 
.............................................................................................................. 
.............................................................................................................. 
  
Item   17: Q11                                 Infit MNSQ =  .99 
                                                     Disc =  .36 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        18        12         0         0         0         0         0 
Percent (%)         .0      60.0      40.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.35       .35        NA        NA        NA        NA 
p-value             NA      .030      .030        NA        NA        NA        NA 
Mean Ability        NA       .27       .78        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                   .89 
Error                        .39 
.............................................................................................................. 
.............................................................................................................. 
  
Item   18: Q12                                 Infit MNSQ =  .88 
                                                     Disc =  .45 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         6        23         0         0         0         0         1 
Percent (%)         .0      20.7      79.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.47       .47        NA        NA        NA        NA 
p-value             NA      .005      .005        NA        NA        NA        NA 
Mean Ability        NA      -.10       .67        NA        NA        NA        NA      -.58 
  
Step Labels                   1 
  
Thresholds                  -.93 
Error                        .48 
.............................................................................................................. 
 .............................................................................................................. 
  
Item   19: Q13                                 Infit MNSQ =  .84 
                                                     Disc =  .52 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        17        11         0         0         0         0         2 
Percent (%)         .0      60.7      39.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.54       .54        NA        NA        NA        NA 
p-value             NA      .002      .002        NA        NA        NA        NA 
Mean Ability        NA       .23      1.00        NA        NA        NA        NA      -.40 
  
Step Labels                   1 
  
Thresholds                   .99 
Error                        .41 
.............................................................................................................. 
.............................................................................................................. 
  
Item   20: Q14                                 Infit MNSQ =  .00 
                                                     Disc =  .00 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         0        29         0         0         0         0         1 
Percent (%)         .0        .0     100.0        .0        .0        .0        .0 
Pt-Biserial         NA        NA       .00        NA        NA        NA        NA 
p-value             NA        NA      .500        NA        NA        NA        NA 
Mean Ability        NA        NA       .51        NA        NA        NA        NA      -.58 
  
Step Labels                   1 
  
Thresholds 
Error 
.............................................................................................................. 
============================================================================================================== 
                                                  *****Output Continues****  
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Item   21: Q15                                 Infit MNSQ = 1.10 
                                                     Disc =  .19 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         8        21         0         0         0         0         1 
Percent (%)         .0      27.6      72.4        .0        .0        .0        .0 
Pt-Biserial         NA      -.23       .23        NA        NA        NA        NA 
p-value             NA      .112      .112        NA        NA        NA        NA 
Mean Ability        NA       .29       .59        NA        NA        NA        NA      -.58 
  
Step Labels                   1 
  
Thresholds                  -.53 
Error                        .44 
.............................................................................................................. 
.............................................................................................................. 
  
Item   22: Q16                                 Infit MNSQ = 1.02 
                                                     Disc =  .24 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         6        24         0         0         0         0         0 
Percent (%)         .0      20.0      80.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.22       .22        NA        NA        NA        NA 
p-value             NA      .125      .125        NA        NA        NA        NA 
Mean Ability        NA       .16       .55        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                 -1.01 
Error                        .48 
.............................................................................................................. 
  
Mean test score       17.33 
Standard deviation     4.07 
Internal Consistency    .63 
  
The individual item statistics are calculated 
using all available data. 
  
The overall mean, standard deviation and internal 
consistency indices assume that missing responses 
are incorrect.  They should only be considered useful when 
there is a limited amount of missing data. 
============================================================================================================== 
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D-1-4: Test-item estimates 
 
(Calibration study)                                                               
-------------------------------------------------------------------------------------------------------------- 
Item Estimates (Thresholds) In input Order                                                      
all on all (N = 30 L = 22 Probability Level= .50)                                                              
-------------------------------------------------------------------------------------------------------------- 
    ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S                           |  INFT  OUTFT INFT  OUTFT            
                   |            |    1       2       3       4       5   |  MNSQ  MNSQ   t     t               
-------------------------------------------------------------------------------------------------------------- 
1   Q1a            |    24   30 |  -1.01                                 |    .96   .77   -.1   -.5 
                   |            |     .48                                | 
                   |            |                                        | 
2   Q1b            |     7   30 |   1.72                                 |   1.25  1.48   1.1   1.2 
                   |            |     .45                                | 
                   |            |                                        | 
3   Q1c            |    23   30 |   -.81                                 |   1.07  1.06    .4    .3 
                   |            |     .45                                | 
                   |            |                                        | 
4   Q1d            |    19   30 |   -.13                                 |    .98  1.00   -.1    .1 
                   |            |     .40                                | 
                   |            |                                        | 
5   Q1e            |    25   30 |  -1.25                                 |    .98   .82    .1   -.2 
                   |            |     .51                                | 
                   |            |                                        | 
6   Q2             |    21   58 |   -.13    2.89                         |   1.06  1.05    .3    .3 
                   |            |     .75    1.08                        | 
                   |            |                                        | 
7   Q3a            |    11   30 |   1.04                                 |    .93   .90   -.5   -.3 
                   |            |     .40                                | 
                   |            |                                        | 
8   Q3b            |     9   30 |   1.36                                 |    .81   .73  -1.1   -.9 
                   |            |     .42                                | 
                   |            |                                        | 
9   Q3c            |    15   30 |    .46                                 |    .85   .81  -1.3   -.8 
                   |            |     .39                                | 
                   |            |                                        | 
10  Q4             |    55   60 |  -1.88   -1.12                         |    .93   .85    .0    .0 
                   |            |    1.31    1.16                        | 
                   |            |                                        | 
11  Q5             |    50   60 |  -1.53    -.45                         |    .87   .78   -.3   -.3 
                   |            |    1.00     .85                        | 
                   |            |                                        | 
12  Q6             |    15   30 |    .46                                 |   1.14  1.18   1.1    .8 
                   |            |     .39                                | 
                   |            |                                        | 
13  Q7             |    11   29 |   1.02                                 |   1.19  1.23   1.3    .9 
                   |            |     .40                                | 
                   |            |                                        | 
14  Q8             |    23   29 |           -.97                         |   1.01  1.22    .1    .6 
                   |            |             .48                        | 
                   |            |                                        | 
15  Q9             |   106  150 |  -1.72    -.66    -.52     .64     .64 |   1.00   .95    .1    .0 
                   |            |    1.13     .82     .79     .42     .42| 
                   |            |                                        | 
16  Q10            |    15   29 |    .41                                 |   1.11  1.13    .9    .6 
                   |            |     .39                                | 
                   |            |                                        | 
17  Q11            |    12   30 |    .89                                 |    .99   .95    .0   -.1 
                   |            |     .39                                | 
                   |            |                                        | 
18  Q12            |    23   29 |   -.93                                 |    .88   .84   -.4   -.3 
                   |            |     .48                                | 
                   |            |                                        | 
19  Q13            |    11   28 |    .99                                 |    .84   .79  -1.2   -.8 
                   |            |     .41                                | 
                   |            |                                        | 
20  Q14            |     0    0 | Item has perfect score                 | 
                   |            |                                        | 
                   |            |                                        | 
21  Q15            |    21   29 |   -.53                                 |   1.10  1.08    .5    .3 
                   |            |     .44                                | 
                   |            |                                        | 
22  Q16            |    24   30 |  -1.01                                 |   1.02  1.21    .2    .6 
                   |            |     .48                                | 
                   |            |                                        | 
-------------------------------------------------------------------------------------------------------------- 
Mean               |            |    .00                                 |   1.00   .99    .1    .1 
SD                 |            |   1.03                                 |    .12   .20    .7    .6 
============================================================================================================== 
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D-1-5: Summary of item estimate 
 
 
 
 
(Calibration Study)                                                               
------------------------------------------------------------------------------ 
Item Estimates (Thresholds)                                                                     
all on all (N = 30 L = 22 Probability Level= .50)                                                              
------------------------------------------------------------------------------ 
  
Summary of item Estimates 
========================= 
  
Mean                           .00 
SD                            1.03 
SD (adjusted)                  .85 
Reliability of estimate        .68 
  
  
 Fit Statistics 
=============== 
  
 Infit Mean Square         Outfit Mean Square 
  
    Mean    1.00             Mean     .99 
    SD       .12             SD       .20 
  
  
      Infit t                  Outfit t 
  
    Mean     .06             Mean     .07 
    SD       .72             SD       .58 
  
   0 items with zero scores 
   1 items with perfect scores 
================================================================================= 
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Appendix D-2: Calibration Study (Posttest) 
D-2-1: Data File 
 
ML0110000120012210030110111 
ML0210110001102210121011111 
ML04201111000132x125111x111 
ML0511011110002200100110110 
ML0621100120113211231110101 
ML0710111100003201101110111 
ML0820110021102200221110111 
ML0920110110103000151110111 
ML1011101100101201201000101 
ML1111111101101111101110111 
ML1211000110011201130100111 
ML1311111110002200100110100 
ML14100100100022x0201011111 
ML1521101110002201251010101 
ML1621111121112200211101101 
ML1821111110001210250111111 
ML1921111110103211211111111 
ML2011111110103211151111111 
ML2110110101013200001010111 
ML2211111100013201201111111 
ML2321111111103200231110111 
ML25211111000122x1250111100 
ML2621111111102200151110111 
ML2721111110113201211111111 
ML2811010111102210251011111 
ML2910000010003200220000101 
ML3111111111113200100110111 
ML3221101100113210231111110 
ML3320001100102200251111111 
ML3421111111002210151110111 
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D-2-2: Control File 
 
Title (Calibration Study)  
 
set width = 110 !page 
set logon >-calrun1log.txt 
data_file <<moreland posttest.txt 
codes " 012345" 
format PCode 1-4 Treatment 5 items 6-27 
 
 
 
*               1   111111         
*   1111123337863459102456 
*   abcde abc   
key 1111111111111111111111 !score=1 
key yyyyy2yyy22yy22yyyyyyy !score=2 
key yyyyyyyyy3yyy33yyyyyyy !score=3 
key yyyyyyyyyyyyyy4yyyyyyy !score=4 
key yyyyyyyyyyyyyy5yyyyyyy !score=5 
 
item_names<<namelist.txt 
anchor !items <<pre_anc.txt 
delete !items <<calrun1_del.txt 
 
 
estimate !iter=100 
 
show settings >-calrun1_set.txt 
 
show !map=1 >-calrun1_1map.txt 
show !map=2 >-calrun1_2map.txt 
show !map=3 >-calrun1_3map.txt 
 
show !table=1 >-calrun1_1tab.txt 
show !table=2 >-calrun1_2tab.txt 
show !table=3 >-calrun1_3tab.txt 
show !table=4 >-calrun1_4tab.txt 
 
show items !form=anchor >-post_anc.txt 
 
show cases !order=estimate >-calrun1_cso.txt 
show cases !order=fit >-calrun1_csf.txt 
show items !order=estimate >-calrun1_ito.txt 
show items !order=fit >-calrun1_fit.txt 
 
itanal >-calrun1_out.txt 
 
*logit_table >-calrun1_logit.txt 
*kidmap 1-125>-calrun1_kid.txt 
 
Bye 
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D-2-3: Item analysis for the observed responses 
 
(Calibration Study)                                                             
-------------------------------------------------------------------------------------------------------------- 
Item Analysis Results for Observed Responses                                                     
all on all (N = 30 L = 15 Probability Level= .50)                                                              
-------------------------------------------------------------------------------------------------------------- 
.............................................................................................................. 
  
Item    3: Q1c                                 Infit MNSQ = 1.25 
                                                     Disc =  .42 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         8        22         0         0         0         0         0 
Percent (%)         .0      26.7      73.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.42       .42        NA        NA        NA        NA 
p-value             NA      .011      .011        NA        NA        NA        NA 
Mean Ability        NA       .24      1.06        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  -.81 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    4: Q1d                                 Infit MNSQ =  .99 
                                                     Disc =  .46 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        10        20         0         0         0         0         0 
Percent (%)         .0      33.3      66.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.45       .45        NA        NA        NA        NA 
p-value             NA      .006      .006        NA        NA        NA        NA 
Mean Ability        NA       .27      1.12        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  -.13 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    5: Q1e                                 Infit MNSQ =  .88 
                                                     Disc =  .40 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         4        26         0         0         0         0         0 
Percent (%)         .0      13.3      86.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.39       .39        NA        NA        NA        NA 
p-value             NA      .015      .015        NA        NA        NA        NA 
Mean Ability        NA      -.04       .97        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                 -1.25 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    7: Q3a                                 Infit MNSQ = 1.06 
                                                     Disc =  .28 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        20        10         0         0         0         0         0 
Percent (%)         .0      66.7      33.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.28       .28        NA        NA        NA        NA 
p-value             NA      .067      .067        NA        NA        NA        NA 
Mean Ability        NA       .69      1.14        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  1.04 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    8: Q3b                                 Infit MNSQ = 1.07 
                                                     Disc =  .45 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        14        16         0         0         0         0         0 
Percent (%)         .0      46.7      53.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.45       .45        NA        NA        NA        NA 
p-value             NA      .007      .007        NA        NA        NA        NA 
Mean Ability        NA       .42      1.20        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  1.36 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
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Item    9: Q3c                                 Infit MNSQ = 1.27 
                                                     Disc =  .27 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        19        11         0         0         0         0         0 
Percent (%)         .0      63.3      36.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.26       .26        NA        NA        NA        NA 
p-value             NA      .081      .081        NA        NA        NA        NA 
Mean Ability        NA       .67      1.12        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                   .46 
Error                        .00 
.............................................................................................................. 
............................................................................................................. 
  
Item   11: Q5                                  Infit MNSQ =  .98 
                                                     Disc =  .12 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         1         1        28         0         0         0         0 
Percent (%)         .0       3.3       3.3      93.3        .0        .0        .0 
Pt-Biserial         NA      -.22       .18       .03        NA        NA        NA 
p-value             NA      .125      .177      .439        NA        NA        NA 
Mean Ability        NA      -.12      1.65       .84        NA        NA        NA        NA 
  
Step Labels                   1         2 
  
Thresholds                 -1.53      -.45 
Error                        .00       .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   12: Q6                                  Infit MNSQ = 1.17 
                                                     Disc =  .38 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        17        10         0         0         0         0         3 
Percent (%)         .0      63.0      37.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.37       .37        NA        NA        NA        NA 
p-value             NA      .028      .028        NA        NA        NA        NA 
Mean Ability        NA       .59      1.25        NA        NA        NA        NA       .87 
  
Step Labels                   1 
  
Thresholds                   .46 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   13: Q7                                  Infit MNSQ = 1.00 
                                                     Disc =  .33 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        18        12         0         0         0         0         0 
Percent (%)         .0      60.0      40.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.32       .32        NA        NA        NA        NA 
p-value             NA      .042      .042        NA        NA        NA        NA 
Mean Ability        NA       .59      1.21        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  1.02 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   16: Q10                                 Infit MNSQ =  .81 
                                                     Disc =  .50 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         8        22         0         0         0         0         0 
Percent (%)         .0      26.7      73.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.49       .49        NA        NA        NA        NA 
p-value             NA      .003      .003        NA        NA        NA        NA 
Mean Ability        NA       .14      1.09        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                   .41 
Error                        .00 
.............................................................................................................. 
============================================================================================================== 
                                                  *****Output Continues****  
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Item   17: Q11                                 Infit MNSQ = 1.03 
                                                     Disc =  .43 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         7        23         0         0         0         0         0 
Percent (%)         .0      23.3      76.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.43       .43        NA        NA        NA        NA 
p-value             NA      .009      .009        NA        NA        NA        NA 
Mean Ability        NA       .17      1.04        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                   .89 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   19: Q13                                 Infit MNSQ =  .87 
                                                     Disc =  .49 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        17        12         0         0         0         0         1 
Percent (%)         .0      58.6      41.4        .0        .0        .0        .0 
Pt-Biserial         NA      -.48       .48        NA        NA        NA        NA 
p-value             NA      .004      .004        NA        NA        NA        NA 
Mean Ability        NA       .45      1.30        NA        NA        NA        NA      1.91 
  
Step Labels                   1 
  
Thresholds                   .99 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   20: Q14                                 Infit MNSQ =  .00 
                                                     Disc =  .00 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         0        30         0         0         0         0         0 
Percent (%)         .0        .0     100.0        .0        .0        .0        .0 
Pt-Biserial         NA        NA       .00        NA        NA        NA        NA 
p-value             NA        NA      .500        NA        NA        NA        NA 
Mean Ability        NA        NA       .84        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds 
Error 
.............................................................................................................. 
.............................................................................................................. 
  
Item   21: Q15                                 Infit MNSQ =  .93 
                                                     Disc =  .43 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         7        23         0         0         0         0         0 
Percent (%)         .0      23.3      76.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.42       .42        NA        NA        NA        NA 
p-value             NA      .010      .010        NA        NA        NA        NA 
Mean Ability        NA       .19      1.03        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  -.53 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   22: Q16                                 Infit MNSQ =  .94 
                                                     Disc =  .23 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         4        26         0         0         0         0         0 
Percent (%)         .0      13.3      86.7        .0        .0        .0        .0 
Pt-Biserial         NA      -.22       .22        NA        NA        NA        NA 
p-value             NA      .118      .118        NA        NA        NA        NA 
Mean Ability        NA       .34       .91        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                 -1.01 
Error                        .00 
.............................................................................................................. 
============================================================================================================== 
                                                  *****Output Continues****   
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(Calibration Study)                                                             
-------------------------------------------------------------------------------------------------------------- 
Item Analysis Results for Observed Responses                                                     
all on all (N = 30 L = 15 Probability Level= .50)                                                              
-------------------------------------------------------------------------------------------------------------- 
  
Mean test score        9.67 
Standard deviation     2.30 
Internal Consistency    .51 
  
The individual item statistics are calculated 
using all available data. 
  
The overall mean, standard deviation and internal 
consistency indices assume that missing responses 
are incorrect.  They should only be considered useful when 
there is a limited amount of missing data. 
============================================================================================================== 
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D-2-4: Test-item estimates 
 
(Calibration Study)                                                             
---------------------------------------------------------------------------------------------- 
Item Estimates (Thresholds) In input Order                                                       
all on all (N = 30 L = 15 Probability Level= .50)                                                              
---------------------------------------------------------------------------------------------- 
    ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S   |  INFT  OUTFT INFT  OUTFT                                    
                   |            |    1       2   |  MNSQ  MNSQ   t     t                                       
---------------------------------------------------------------------------------------------- 
3   Q1c            |    22   30 |   -.81         |   1.25  1.12    .9    .4 
                   |            |      **        | 
                   |            |                | 
4   Q1d            |    20   30 |   -.13         |    .99   .87    .0   -.3 
                   |            |      **        | 
                   |            |                | 
5   Q1e            |    26   30 |  -1.25         |    .88   .74   -.2   -.3 
                   |            |      **        | 
                   |            |                | 
7   Q3a            |    10   30 |   1.04         |   1.06  1.05    .5    .3 
                   |            |      **        | 
                   |            |                | 
8   Q3b            |    16   30 |   1.36         |   1.07  1.04    .5    .2 
                   |            |      **        | 
                   |            |                | 
9   Q3c            |    11   30 |    .46         |   1.27  1.36   1.8   1.3 
                   |            |      **        | 
                   |            |                | 
11  Q5             |    57   60 |  -1.53    -.45 |    .98   .80    .1   -.2 
                   |            |      **      **| 
                   |            |                | 
12  Q6             |    10   27 |    .46         |   1.17  1.22   1.1    .8 
                   |            |      **        | 
                   |            |                | 
13  Q7             |    12   30 |   1.02         |   1.00   .95    .0   -.1 
                   |            |      **        | 
                   |            |                | 
16  Q10            |    22   30 |    .41         |    .81   .74  -1.4  -1.0 
                   |            |      **        | 
                   |            |                | 
17  Q11            |    23   30 |    .89         |   1.03  1.02    .3    .2 
                   |            |      **        | 
                   |            |                | 
19  Q13            |    12   29 |    .99         |    .87   .81  -1.0   -.7 
                   |            |      **        | 
                   |            |                | 
20  Q14            |     0    0 | Item has perfect score 
                   |            |                | 
                   |            |                | 
21  Q15            |    23   30 |   -.53         |    .93   .92   -.2   -.1 
                   |            |      **        | 
                   |            |                | 
22  Q16            |    26   30 |  -1.01         |    .94   .84   -.1   -.2 
                   |            |      **        | 
                   |            |                | 
------------------------------------------------------------------------------------------------ 
Mean               |            |    .14         |   1.02   .96    .2    .0 
SD                 |            |    .90         |    .14   .18    .8    .6 
================================================================================================ 
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D-2-5: Summary of item estimate 
 
 
 
(Calibration Study)                                                             
----------------------------------------------------------------- 
Item Estimates (Thresholds)                                                                      
all on all (N = 30 L = 15 Probability Level= .50)                                                              
----------------------------------------------------------------- 
  
Summary of item Estimates 
========================= 
  
Mean                           .14 
SD                             .90 
SD (adjusted)                  .90 
Reliability of estimate       1.00 
  
  
 Fit Statistics 
=============== 
  
 Infit Mean Square         Outfit Mean Square 
  
    Mean    1.02             Mean     .96 
    SD       .14             SD       .18 
  
  
      Infit t                  Outfit t 
  
    Mean     .16             Mean     .03 
    SD       .81             SD       .59 
  
   0 items with zero scores 
   1 items with perfect scores 
=================================================================== 
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Appendix D-3: Main Experiment (Pretest) 
D-3-1: Data File 
RG0110MAV1111102110230115101001 
RG0212FAV1100012000210023101001 
RG0311MWV101111101112x123001111 
RG0411MAV211111101121xx15101011 
RG0510MAV1111111010131135001100 
RG0611MWV1010111001230033101x11 
RG0712MWI1101010011231125101111 
RG0810MWI2111111010220125101001 
RG0912FWI111110x001230025010011 
RG1012FWI1110111110030011010011 
RG1112FWV2101100111231135101111 
RG1211MWI1111101001221123101011 
RG1311FWV2100112111231135101101 
RG1411MAI1000010011231125001111 
RG1512MAI2100100110130135101110 
RG1611MWI2101001110210135101111 
RG1712MWV100000100013003500xx00 
RG1811MWI2111111011230125111011 
RG1910MWV1100111010120133001111 
RG2011MWV2110100000220135001111 
RG2111MWV2111111011110015101011 
RG2312MWI2111111011230035101111 
RM0211FWV1000111000241113101011 
RM0311FWV2101000010230021111101 
RM0411FAV2111002100230133101101 
RM0512FWV2101111111230135111111 
RM0611MWI1011110110221x21011011 
RM0711MWV1101110011230031111011 
RM0811MWI2011110000220133101111 
RM0912MAI11111010001200250x1011 
RM1110MWI1000110111241130101001 
RM1211FWI2101111111230135111111 
RM1311FWV1010111000210031xxxxxx 
RM1412MWI1001100000230023101011 
RM1512FWV1101010110130021111001 
RM1610FWI111101100023xxxx111111 
RM1711MWI2101011001141125101011 
RM1811MAI2100110111231135111111 
RM1912MWV2101012011230135111111 
RM2011MWI2110010000230135101111 
RM2111FWV1011100110230033101000 
RM2211FAI110100000022xx21001010 
RM2311MWI11111010012301350x1011 
RM2411FWV2100111000211121111011 
RM2510MWI2100110111231135011111 
RM2612FAV2101111011220133101111 
RM2913FAV1011111011230132111000 
RM3112MAI11011000002300231x1001 
RM3211MWI2100110000231133111111 
RM3312FAV1000101111231133001001 
BV0110MVI2111101001231025100010 
BV0211MAV2101111111231035001010 
BV0312MAV1111110010230125111111 
BV0412MWV1101110000230133111101 
BV0510MWV1001012001230035100011 
BV0610FWI2100112100120032111011 
BV0710MWI1000010111220012100011 
BV0812MAV1100010110120123100101 
BV0910MWV1100111011231030101101 
BV1112FWI1111110010121133101110 
BV1210MWI1001111001111133101011 
BV1312FWI2100112111131133110101 
BV1511FWV2111112110230133100111 
BV1610FAV1111110010221133101110 
BV1711MWI2011101001131035101001 
BV1810FWV2101111110220113011111 
BV1913FWI2111101111130131100101 
BV2011FAV111111001023111310111x 
BV2111FWI1111110010221133101110 
BV2211MAI110001101x130133100011 
BV2311FWV2111112111230135100111 
BV2411MWI1111110010131135101110 
BV2511MWV2100111110131025100011 
BV2612FWV2100111000220130101001 
BV2710MWV2100111001220133100111 
BV2812FWI1111110000111133101110 
BV2912MAV1100010110120123100101 
BV3011MWI2111101011230130000111 
BV3111FAV2111111001131133011100 
BV3211FAV1101011111221125100111 
BV3311FAI2111101010210130000001 
BV3412FWV2110111000200133011011 
BV3611FWI2010111000220131011001 
BV3712MWI1101111011121135101101 
BV3811FWI2111101000120135101100 
BV3912MAI101110100023x130110001 
BV4011MWI2100111010130023011011 
BV4110MWI2111101010230033111111 
BV4211MWI1111111111131035101111 
BV4312FAI1111110010231135101111 
BV4412MWV2000011000130x200010x1 
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D-3-2: Control File 
 
 
Title (MAIN Pretest)  
 
set width = 110 !page 
set logon >-calrun1log.txt 
data_file <<ALL Pretest APRIL.txt 
codes " 012345" 
format PCode 1-10 Items 11-31 
 
*                  1          
*   111112333456789012345 
*   abcde abc   
key 111111111111111111111!score=1 
key yyyyy2yyy22yy22yyyyyy!score=2 
key yyyyyyyyyyyyyy3yyyyyy!score=3 
key yyyyyyyyyyyyyy4yyyyyy!score=4 
key yyyyyyyyyyyyyy5yyyyyy!score=5 
 
item_names<<namelist.txt 
anchor !items <<pre_anc.txt 
delete !items <<calrun1_del.txt 
 
 
estimate !iter=100 
 
show settings >-calrun1_set.txt 
 
show !map=1 >-calrun1_1map.txt 
show !map=2 >-calrun1_2map.txt 
show !map=3 >-calrun1_3map.txt 
 
show !table=1 >-calrun1_1tab.txt 
show !table=2 >-calrun1_2tab.txt 
show !table=3 >-calrun1_3tab.txt 
show !table=4 >-calrun1_4tab.txt 
 
*show items !form=anchor >-pre_anc.txt 
 
show cases !order=estimate >-calrun1_cso.txt 
show cases !order=fit >-calrun1_csf.txt 
show items !order=estimate >-calrun1_ito.txt 
show items !order=fit >-calrun1_fit.txt 
 
itanal >-calrun1_out.txt 
 
*logit_table >-calrun1_logit.txt 
*kidmap 1-125>-calrun1_kid.txt 
 
bye 
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D-3-3: Item analysis for the observed responses 
 
(MAIN Pretest)                                                                                
-------------------------------------------------------------------------------------------------------------- 
Item Analysis Results for Observed Responses                                                    
all on all (N = 91 L = 14 Probability Level= .50)                                                              
-------------------------------------------------------------------------------------------------------------- 
.............................................................................................................. 
  
Item    1: Q1a                                 Infit MNSQ = 1.00 
                                                     Disc =  .45 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        20        71         0         0         0         0         0 
Percent (%)         .0      22.0      78.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.45       .45        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA      -.08       .77        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                 -1.01 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    4: Q1d                                 Infit MNSQ =  .93 
                                                     Disc =  .20 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        20        71         0         0         0         0         0 
Percent (%)         .0      22.0      78.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.24       .24        NA        NA        NA        NA 
p-value             NA      .012      .012        NA        NA        NA        NA 
Mean Ability        NA       .29       .67        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  -.13 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    6: Q2                                  Infit MNSQ = 1.29 
                                                     Disc =  .22 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        31        49        10         0         0         0         1 
Percent (%)         .0      34.4      54.4      11.1        .0        .0        .0 
Pt-Biserial         NA      -.14      -.03       .25        NA        NA        NA 
p-value             NA      .099      .389      .008        NA        NA        NA 
Mean Ability        NA       .43       .56      1.16        NA        NA        NA       .60 
  
Step Labels                   1         2 
  
Thresholds                  -.13      2.89 
Error                        .00       .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    7: Q3a                                 Infit MNSQ =  .97 
                                                     Disc =  .25 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        62        29         0         0         0         0         0 
Percent (%)         .0      68.1      31.9        .0        .0        .0        .0 
Pt-Biserial         NA      -.26       .26        NA        NA        NA        NA 
p-value             NA      .006      .006        NA        NA        NA        NA 
Mean Ability        NA       .42       .94        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  1.04 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    9: Q3c                                 Infit MNSQ =  .94 
                                                     Disc =  .45 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        50        40         0         0         0         0         1 
Percent (%)         .0      55.6      44.4        .0        .0        .0        .0 
Pt-Biserial         NA      -.44       .44        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA       .25      1.01        NA        NA        NA        NA       .07 
  
Step Labels                   1 
  
Thresholds                   .46 
Error                        .00 
.............................................................................................................. 
============================================================================================================== 
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Item   12: Q6                                  Infit MNSQ = 1.07 
                                                     Disc =  .33 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        53        33         0         0         0         0         5 
Percent (%)         .0      61.6      38.4        .0        .0        .0        .0 
Pt-Biserial         NA      -.33       .33        NA        NA        NA        NA 
p-value             NA      .001      .001        NA        NA        NA        NA 
Mean Ability        NA       .41       .92        NA        NA        NA        NA       .21 
  
Step Labels                   1 
  
Thresholds                   .46 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   13: Q7                                  Infit MNSQ = 1.27 
                                                     Disc =  .33 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        26        60         0         0         0         0         5 
Percent (%)         .0      30.2      69.8        .0        .0        .0        .0 
Pt-Biserial         NA      -.36       .36        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA       .24       .79        NA        NA        NA        NA      -.11 
  
Step Labels                   1 
  
Thresholds                  1.02 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   15: Q9                                  Infit MNSQ = 1.01 
                                                     Disc =  .78 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         7        10         3        32         0        38         1 
Percent (%)         .0       7.8      11.1       3.3      35.6        .0      42.2 
Pt-Biserial         NA      -.45      -.42      -.11       .01        NA       .54 
p-value             NA      .000      .000      .153      .448        NA      .000 
Mean Ability        NA      -.58      -.34       .05       .44        NA      1.19      1.05 
  
Step Labels                   1         2         3         4         5 
  
Thresholds                 -1.72      -.66      -.52       .64       .64 
Error                        .00       .00       .00       .00       .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   16: Q10                                 Infit MNSQ = 1.01 
                                                     Disc =  .26 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        23        67         0         0         0         0         1 
Percent (%)         .0      25.6      74.4        .0        .0        .0        .0 
Pt-Biserial         NA      -.28       .28        NA        NA        NA        NA 
p-value             NA      .003      .003        NA        NA        NA        NA 
Mean Ability        NA       .23       .73        NA        NA        NA        NA     -1.02 
  
Step Labels                   1 
  
Thresholds                   .41 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   17: Q11                                 Infit MNSQ = 1.13 
                                                     Disc =  .07 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        60        27         0         0         0         0         4 
Percent (%)         .0      69.0      31.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.10       .10        NA        NA        NA        NA 
p-value             NA      .178      .178        NA        NA        NA        NA 
Mean Ability        NA       .55       .73        NA        NA        NA        NA       .09 
  
Step Labels                   1 
  
Thresholds                   .89 
Error                        .00 
.............................................................................................................. 
============================================================================================================== 
                                                  *****Output Continues****  
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Item   18: Q12                                 Infit MNSQ = 1.09 
                                                     Disc =  .16 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        18        71         0         0         0         0         2 
Percent (%)         .0      20.2      79.8        .0        .0        .0        .0 
Pt-Biserial         NA      -.16       .16        NA        NA        NA        NA 
p-value             NA      .070      .070        NA        NA        NA        NA 
Mean Ability        NA       .37       .68        NA        NA        NA        NA      -.77 
  
Step Labels                   1 
  
Thresholds                  -.93 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   19: Q13                                 Infit MNSQ = 1.01 
                                                     Disc =  .45 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        40        48         0         0         0         0         3 
Percent (%)         .0      45.5      54.5        .0        .0        .0        .0 
Pt-Biserial         NA      -.47       .47        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA       .22       .95        NA        NA        NA        NA      -.42 
  
Step Labels                   1 
  
Thresholds                   .99 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   20: Q14                                 Infit MNSQ = 1.07 
                                                     Disc =  .38 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        28        61         0         0         0         0         2 
Percent (%)         .0      31.5      68.5        .0        .0        .0        .0 
Pt-Biserial         NA      -.38       .38        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA       .24       .80        NA        NA        NA        NA     -1.25 
  
Step Labels                   1 
  
Thresholds                  -.53 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   21: Q15                                 Infit MNSQ = 1.01 
                                                     Disc =  .14 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        15        74         0         0         0         0         2 
Percent (%)         .0      16.9      83.1        .0        .0        .0        .0 
Pt-Biserial         NA      -.16       .16        NA        NA        NA        NA 
p-value             NA      .066      .066        NA        NA        NA        NA 
Mean Ability        NA       .32       .66        NA        NA        NA        NA      -.20 
  
Step Labels                   1 
  
Thresholds                 -1.01 
Error                        .00 
.............................................................................................................. 
  
Mean test score       11.24 
Standard deviation     3.16 
Internal Consistency    .46 
  
The individual item statistics are calculated 
using all available data. 
  
The overall mean, standard deviation and internal 
consistency indices assume that missing responses 
are incorrect.  They should only be considered useful when 
there is a limited amount of missing data. 
==============================================================================================================   
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D-3-4: Test-item estimates 
 
(MAIN Pretest)                                                                                
-------------------------------------------------------------------------------------------------------------- 
Item Estimates (Thresholds) In input Order                                                      
all on all (N = 91 L = 14 Probability Level= .50)                                                              
-------------------------------------------------------------------------------------------------------------- 
    ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S                           |  INFT  OUTFT INFT  OUTFT            
                   |            |    1       2       3       4       5   |  MNSQ  MNSQ   t     t               
-------------------------------------------------------------------------------------------------------------- 
1   Q1a            |    71   91 |  -1.01                                 |   1.00   .83    .0   -.6 
                   |            |      **                                | 
                   |            |                                        | 
4   Q1d            |    71   91 |   -.13                                 |    .93   .94   -.7   -.3 
                   |            |      **                                | 
                   |            |                                        | 
6   Q2             |    69  180 |   -.13    2.89                         |   1.29  1.30   2.0   1.7 
                   |            |      **      **                        | 
                   |            |                                        | 
7   Q3a            |    29   91 |   1.04                                 |    .97   .98   -.4   -.1 
                   |            |      **                                | 
                   |            |                                        | 
9   Q3c            |    40   90 |    .46                                 |    .94   .89   -.8   -.8 
                   |            |      **                                | 
                   |            |                                        | 
12  Q6             |    33   86 |    .46                                 |   1.07  1.13    .9    .9 
                   |            |      **                                | 
                   |            |                                        | 
13  Q7             |    60   86 |   1.02                                 |   1.27  1.32   3.1   2.0 
                   |            |      **                                | 
                   |            |                                        | 
15  Q9             |   302  450 |  -1.72    -.66    -.52     .64     .64 |   1.01   .89    .1   -.4 
                   |            |      **      **      **      **      **| 
                   |            |                                        | 
16  Q10            |    67   90 |    .41                                 |   1.01   .98    .2   -.1 
                   |            |      **                                | 
                   |            |                                        | 
17  Q11            |    27   87 |    .89                                 |   1.13  1.16   1.7   1.1 
                   |            |      **                                | 
                   |            |                                        | 
18  Q12            |    71   89 |   -.93                                 |   1.09  1.22    .6    .9 
                   |            |      **                                | 
                   |            |                                        | 
19  Q13            |    48   88 |    .99                                 |   1.01   .97    .2   -.1 
                   |            |      **                                | 
                   |            |                                        | 
20  Q14            |    61   89 |   -.53                                 |   1.07  1.21    .6   1.0 
                   |            |      **                                | 
                   |            |                                        | 
21  Q15            |    74   89 |  -1.01                                 |   1.01   .95    .1   -.1 
                   |            |      **                                | 
                   |            |                                        | 
-------------------------------------------------------------------------------------------------------------- 
Mean               |            |    .18                                 |   1.06  1.06    .6    .4 
SD                 |            |    .86                                 |    .11   .16   1.1    .9 
============================================================================================================== 
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D-3-5: Summary of item estimate 
 
(MAIN Pretest)                                                                                
----------------------------------------------------------------------------------- 
Item Estimates (Thresholds)                                                                     
all on all (N = 91 L = 14 Probability Level= .50)                                                              
 
Summary of item Estimates 
========================= 
  
Mean                           .18 
SD                             .86 
SD (adjusted)                  .86 
Reliability of estimate       1.00 
  
  
 Fit Statistics 
=============== 
  
 Infit Mean Square         Outfit Mean Square 
  
    Mean    1.06             Mean    1.06 
    SD       .11             SD       .16 
  
  
      Infit t                  Outfit t 
  
    Mean     .55             Mean     .37 
    SD      1.09             SD       .88 
  
   0 items with zero scores 
   0 items with perfect scores 
===================================================================================== 
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Appendix D-4: Main Experiment (Posttest) 
 
D-4-1: Data File 
RG0110MAV1111110010320133011011 
RG0212FAV1111000111320031101011 
RG0311MWV1001111011331123111111 
RG0411MAV2111111011120125111011 
RG0510MAV1110111010331113011101 
RG0611MWV1111111001330032111011 
RG0712MWI1011110011331123111111 
RG0810MWI2111111111320133111011 
RG0912FWI1101000001321021111001 
RG1012FWI1111111001120023010010 
RG1112FWV2111011001330110111111 
RG1211MWI1111110010321133011011 
RG1311FWV2111112011330115111111 
RG1411MAI1001110011331123111111 
RG1512MAI2101000110230111111111 
RG1611MWI2100000001220122111111 
RG1712MWV1111001000330033010011 
RG1811MWI2110101001220123101011 
RG1910MWV1110111011231123011111 
RG2011MWV2111000000330123011111 
RG2111MWV2111012011310125111011 
RG2312MWI2111101011230113101111 
RM0211FWV1001101000340030111011 
RM0311FWV2101110000330022111111 
RM0411FAV2110010001320115111111 
RM0512FWV2111111111320125111111 
RM0611MWI1010010000320x23011011 
RM0711MWV1101110011331033111011 
RM0811MWI2011110000341123011111 
RM0912MAI1010010000331020001011 
RM1110MWI1011010111341112101001 
RM1211FWI2111111111320123111111 
RM1311FWV1010011011220122111010 
RM1412MWI1011001111341123001001 
RM1512FWV110111011033x023111011 
RM1610FWI1011000001220x02010011 
RM1711MWI2111111001331125111101 
RM1811MAI2111110111330113111111 
RM1912MWV2111001011331113101xx1 
RM2011MWI2010001000331123111111 
RM2111FWV1011001110331023101001 
RM2211FAI1111110000321020011000 
RM2311MWI1101000001331120011011 
RM2411FWV2100110001xx1123111011 
RM2510MWI2111110001221115011111 
RM2612FAV2010112010330125111111 
RM2913FAV1011111011220112111010 
RM3112MAI1101000111331020011001 
RM3211MWI2111112001221115111111 
RM3312FAV1011001001331032011001 
BV0110MVI2111111001230035111010 
BV0211MAV2111101011331120111010 
BV0312MAV1110110110320110111111 
BV0412MWV1111111100330125111101 
BV0510MWV1001111001330021100011 
BV0610FWI2110111011230023111101 
BV0710MWI1000111000310013100011 
BV0812MAV1111011110112130100101 
BV0910MWV1110110011330020111111 
BV1112FWI1111011010330133101110 
BV1210MWI1001111000330122100011 
BV1312FWI2110011101131120110111 
BV1511FWV2111011111221122011111 
BV1610FAV1111010010330021101110 
BV1711MWI2101111001131021101101 
BV1810FWV2111111011220113011111 
BV1913FWI2110010111101002110101 
BV2011FAV1111010010330123101110 
BV2111FWI1111010010330021001110 
BV2211MAI1101110001210023110000 
BV2311FWV2110012111321123011111 
BV2411MWI1111001011221121111111 
BV2511MWV2010111011220015110111 
BV2612FWV2100010111320020001100 
BV2710MWV211101x001230123001010 
BV2812FWI1111010010320133101110 
BV2912MAV1111010110320130000101 
BV3011MWI2110111011240133111111 
BV3111FAV2111110111320123111001 
BV3211FAV1111111111221112111111 
BV3311FAI2110110001320133110x01 
BV3412FWV2110111000231120011111 
BV3611FWI2101111001330120011011 
BV3712MWI1111011011220123111101 
BV3811FWI2110111010231113111111 
BV3912MAI101110100033x130111101 
BV4011MWI2110011000220025011011 
BV4110MWI2001101010230025111111 
BV4211MWI1111111111221123111111 
BV4312FAI11110x1010320031111111 
BV4412MWV2100001000130010x00001 
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D-4-2: Control File 
 
Title (MAIN Posttest)  
 
set width = 110 !page 
set logon >-calrun1log.txt 
data_file <<ALL Posttest APRIL.txt 
codes " 012345" 
format PCode 1-10 Items 11-31 
 
*               1   11111        
*   111112333786345910245 
*   abcde abc   
key 111111111111111111111 !score=1 
key yyyyy2yyy22yy22yyyyyy !score=2 
key yyyyyyyyy3yyy33yyyyyy !score=3 
key yyyyyyyyyyyyyy4yyyyyy !score=4 
key yyyyyyyyyyyyyy5yyyyyy !score=5 
 
item_names<<namelist.txt 
anchor !items <<pre_anc2.txt 
delete !items <<calrun1_del.txt 
 
 
estimate !iter=100 
 
show settings >-calrun1_set.txt 
 
show !map=1 >-calrun1_1map.txt 
show !map=2 >-calrun1_2map.txt 
show !map=3 >-calrun1_3map.txt 
 
show !table=1 >-calrun1_1tab.txt 
show !table=2 >-calrun1_2tab.txt 
show !table=3 >-calrun1_3tab.txt 
show !table=4 >-calrun1_4tab.txt 
 
show items !form=anchor >-pre_anc2.txt 
 
show cases !order=estimate >-calrun1_cso.txt 
show cases !order=fit >-calrun1_csf.txt 
show items !order=estimate >-calrun1_ito.txt 
show items !order=fit >-calrun1_fit.txt 
 
itanal >-calrun1_out.txt 
 
*logit_table >-calrun1_logit.txt 
*kidmap 1-125>-calrun1_kid.txt 
 
bye 
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D-4-3: Item analysis for the observed responses 
 
 
(MAIN Posttest)                                                                           
-------------------------------------------------------------------------------------------------------------- 
Item Analysis Results for Observed Responses                                                    
all on all (N = 91 L = 18 Probability Level= .50)                                                              
-------------------------------------------------------------------------------------------------------------- 
.............................................................................................................. 
  
Item    2: Q1b                                 Infit MNSQ = 1.04 
                                                     Disc =  .39 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        21        70         0         0         0         0         0 
Percent (%)         .0      23.1      76.9        .0        .0        .0        .0 
Pt-Biserial         NA      -.38       .38        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA       .32       .83        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  -.77 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    3: Q1c                                 Infit MNSQ = 1.13 
                                                     Disc =  .20 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        26        65         0         0         0         0         0 
Percent (%)         .0      28.6      71.4        .0        .0        .0        .0 
Pt-Biserial         NA      -.20       .20        NA        NA        NA        NA 
p-value             NA      .030      .030        NA        NA        NA        NA 
Mean Ability        NA       .52       .78        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  -.51 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    4: Q1d                                 Infit MNSQ = 1.13 
                                                     Disc =  .37 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        39        52         0         0         0         0         0 
Percent (%)         .0      42.9      57.1        .0        .0        .0        .0 
Pt-Biserial         NA      -.37       .37        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA       .48       .88        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  -.13 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    5: Q1e                                 Infit MNSQ = 1.05 
                                                     Disc =  .36 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        22        68         0         0         0         0         1 
Percent (%)         .0      24.4      75.6        .0        .0        .0        .0 
Pt-Biserial         NA      -.35       .35        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA       .35       .81        NA        NA        NA        NA      1.24 
  
Step Labels                   1 
  
Thresholds                  -.70 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    6: Q2                                  Infit MNSQ = 1.03 
                                                     Disc =  .31 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        36        49         5         0         0         0         1 
Percent (%)         .0      40.0      54.4       5.6        .0        .0        .0 
Pt-Biserial         NA      -.23       .10       .29        NA        NA        NA 
p-value             NA      .013      .186      .003        NA        NA        NA 
Mean Ability        NA       .55       .77      1.38        NA        NA        NA      -.06 
  
Step Labels                   1         2 
  
Thresholds                  -.13      2.89 
Error                        .00       .00 
.............................................................................................................. 
==============================================================================================================                                                
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Item    7: Q3a                                 Infit MNSQ =  .87 
                                                     Disc =  .29 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        68        23         0         0         0         0         0 
Percent (%)         .0      74.7      25.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.28       .28        NA        NA        NA        NA 
p-value             NA      .003      .003        NA        NA        NA        NA 
Mean Ability        NA       .60      1.03        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                  1.04 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    8: Q3b                                 Infit MNSQ =  .98 
                                                     Disc =  .46 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        38        53         0         0         0         0         0 
Percent (%)         .0      41.8      58.2        .0        .0        .0        .0 
Pt-Biserial         NA      -.46       .46        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA       .40       .93        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                   .03 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item    9: Q3c                                 Infit MNSQ =  .93 
                                                     Disc =  .32 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        34        57         0         0         0         0         0 
Percent (%)         .0      37.4      62.6        .0        .0        .0        .0 
Pt-Biserial         NA      -.32       .32        NA        NA        NA        NA 
p-value             NA      .001      .001        NA        NA        NA        NA 
Mean Ability        NA       .47       .85        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                   .46 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   10: Q4                                  Infit MNSQ = 1.18 
                                                     Disc =  .17 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         0         7        26        57         0         0         1 
Percent (%)         .0        .0       7.8      28.9      63.3        .0        .0 
Pt-Biserial         NA        NA      -.25       .05       .09        NA        NA 
p-value             NA        NA      .009      .314      .199        NA        NA 
Mean Ability        NA        NA       .21       .76       .75        NA        NA       .46 
  
Step Labels                   1         2         3 
  
Thresholds                             .64       .90 
Error                                  .00       .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   11: Q5                                  Infit MNSQ = 1.13 
                                                     Disc =  .40 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         1         4        35        45         5         0         1 
Percent (%)         .0       1.1       4.4      38.9      50.0       5.6        .0 
Pt-Biserial         NA      -.14      -.09       .41      -.32      -.03        NA 
p-value             NA      .087      .204      .000      .001      .398        NA 
Mean Ability        NA       .02       .50      1.01       .52       .62        NA       .46 
  
Step Labels                   1         2 
  
Thresholds                   .47       .62 
Error                        .00       .00 
.............................................................................................................. 
============================================================================================================== 
                                                  *****Output Continues**** 
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Item   12: Q6                                  Infit MNSQ = 1.17 
                                                     Disc =  .11 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        54        34         1         0         0         0         2 
Percent (%)         .0      60.7      38.2       1.1        .0        .0        .0 
Pt-Biserial         NA      -.11       .11       .00        NA        NA        NA 
p-value             NA      .145      .145      .489        NA        NA        NA 
Mean Ability        NA       .66       .79       .69        NA        NA        NA       .70 
  
Step Labels                   1 
  
Thresholds                   .46 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   13: Q7                                  Infit MNSQ = 1.02 
                                                     Disc =  .53 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        30        59         0         0         0         0         2 
Percent (%)         .0      33.7      66.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.53       .53        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA       .32       .93        NA        NA        NA        NA       .06 
  
Step Labels                   1 
  
Thresholds                  1.02 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   14: Q8                                  Infit MNSQ =  .96 
                                                     Disc =  .18 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0         2        19        52        18         0         0         0 
Percent (%)         .0       2.2      20.9      57.1      19.8        .0        .0 
Pt-Biserial         NA      -.22       .01      -.07       .16        NA        NA 
p-value             NA      .018      .474      .262      .068        NA        NA 
Mean Ability        NA      -.05       .69       .69       .87        NA        NA        NA 
  
Step Labels                   1         2         3 
  
Thresholds                  -.69      -.25       .40 
Error                        .00       .00       .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   16: Q10                                 Infit MNSQ =  .91 
                                                     Disc =  .28 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        27        63         0         0         0         0         1 
Percent (%)         .0      30.0      70.0        .0        .0        .0        .0 
Pt-Biserial         NA      -.28       .28        NA        NA        NA        NA 
p-value             NA      .004      .004        NA        NA        NA        NA 
Mean Ability        NA       .52       .82        NA        NA        NA        NA     -1.54 
  
Step Labels                   1 
  
Thresholds                   .41 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   17: Q11                                 Infit MNSQ = 1.07 
                                                     Disc =  .41 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        22        69         0         0         0         0         0 
Percent (%)         .0      24.2      75.8        .0        .0        .0        .0 
Pt-Biserial         NA      -.40       .40        NA        NA        NA        NA 
p-value             NA      .000      .000        NA        NA        NA        NA 
Mean Ability        NA       .31       .83        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                   .89 
Error                        .00 
.............................................................................................................. 
============================================================================================================== 
                                                  *****Output Continues****   
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Item   19: Q13                                 Infit MNSQ = 1.04 
                                                     Disc =  .33 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        38        51         0         0         0         0         2 
Percent (%)         .0      42.7      57.3        .0        .0        .0        .0 
Pt-Biserial         NA      -.33       .33        NA        NA        NA        NA 
p-value             NA      .001      .001        NA        NA        NA        NA 
Mean Ability        NA       .49       .87        NA        NA        NA        NA       .75 
  
Step Labels                   1 
  
Thresholds                   .99 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   20: Q14                                 Infit MNSQ = 1.01 
                                                     Disc =  .24 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        22        68         0         0         0         0         1 
Percent (%)         .0      24.4      75.6        .0        .0        .0        .0 
Pt-Biserial         NA      -.24       .24        NA        NA        NA        NA 
p-value             NA      .011      .011        NA        NA        NA        NA 
Mean Ability        NA       .46       .79        NA        NA        NA        NA       .54 
  
Step Labels                   1 
  
Thresholds                  -.53 
Error                        .00 
.............................................................................................................. 
.............................................................................................................. 
  
Item   21: Q15                                 Infit MNSQ =  .96 
                                                     Disc =  .22 
  
Categories                    0         1         2         3         4         5      missing 
  
Count                0        14        77         0         0         0         0         0 
Percent (%)         .0      15.4      84.6        .0        .0        .0        .0 
Pt-Biserial         NA      -.22       .22        NA        NA        NA        NA 
p-value             NA      .017      .017        NA        NA        NA        NA 
Mean Ability        NA       .42       .76        NA        NA        NA        NA        NA 
  
Step Labels                   1 
  
Thresholds                 -1.01 
Error                        .00 
.............................................................................................................. 
 
 
  
Mean test score       13.84 
Standard deviation     2.90 
Internal Consistency    .42 
  
The individual item statistics are calculated 
using all available data. 
  
The overall mean, standard deviation and internal 
consistency indices assume that missing responses 
are incorrect.  They should only be considered useful when 
there is a limited amount of missing data. 
============================================================================================================== 
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D-4-4: Test-item estimates 
 
(MAIN Posttest)                                                                           
-------------------------------------------------------------------------------------------------------------- 
Item Estimates (Thresholds) In input Order                                                      
all on all (N = 91 L = 18 Probability Level= .50)                                                              
-------------------------------------------------------------------------------------------------------------- 
    ITEM NAME      |SCORE MAXSCR|  THRESHOLD/S           |  INFT  OUTFT INFT  OUTFT                            
                   |            |    1       2       3   |  MNSQ  MNSQ   t     t                               
-------------------------------------------------------------------------------------------------------------- 
2   Q1b            |    70   91 |   -.77                 |   1.04   .94    .3   -.2 
                   |            |      **                | 
                   |            |                        | 
3   Q1c            |    65   91 |   -.51                 |   1.13  1.14   1.0    .8 
                   |            |      **                | 
                   |            |                        | 
4   Q1d            |    52   91 |   -.13                 |   1.13  1.14   1.4    .9 
                   |            |      **                | 
                   |            |                        | 
5   Q1e            |    68   90 |   -.70                 |   1.05   .96    .4   -.1 
                   |            |      **                | 
                   |            |                        | 
6   Q2             |    59  180 |   -.13    2.89         |   1.03  1.04    .2    .3 
                   |            |      **      **        | 
                   |            |                        | 
7   Q3a            |    23   91 |   1.04                 |    .87   .85  -2.3  -1.2 
                   |            |      **                | 
                   |            |                        | 
8   Q3b            |    53   91 |    .03                 |    .98   .93   -.3   -.4 
                   |            |      **                | 
                   |            |                        | 
9   Q3c            |    57   91 |    .46                 |    .93   .90  -1.3   -.7 
                   |            |      **                | 
                   |            |                        | 
10  Q4             |   140  180 |            .64     .90 |   1.18  1.21   1.9   1.2 
                   |            |              **      **| 
                   |            |                        | 
11  Q5             |    74  180 |    .47     .62         |   1.13  1.08   1.5    .5 
                   |            |      **      **        | 
                   |            |                        | 
12  Q6             |    34   89 |    .46                 |   1.17  1.22   2.9   1.6 
                   |            |      **                | 
                   |            |                        | 
13  Q7             |    59   89 |   1.02                 |   1.02  1.00    .3    .0 
                   |            |      **                | 
                   |            |                        | 
14  Q8             |   177  273 |   -.69    -.25     .40 |    .96  1.67   -.2   2.4 
                   |            |      **      **      **| 
                   |            |                        | 
16  Q10            |    63   90 |    .41                 |    .91   .90  -1.7   -.8 
                   |            |      **                | 
                   |            |                        | 
17  Q11            |    69   91 |    .89                 |   1.07  1.06   1.3    .5 
                   |            |      **                | 
                   |            |                        | 
19  Q13            |    51   89 |    .99                 |   1.04  1.04    .8    .3 
                   |            |      **                | 
                   |            |                        | 
20  Q14            |    68   90 |   -.53                 |   1.01   .97    .1   -.1 
                   |            |      **                | 
                   |            |                        | 
21  Q15            |    77   91 |  -1.01                 |    .96   .85   -.2   -.5 
                   |            |      **                | 
                   |            |                        | 
-------------------------------------------------------------------------------------------------------------- 
Mean               |            |    .23                 |   1.03  1.05    .4    .3 
SD                 |            |    .73                 |    .09   .19   1.3    .9 
============================================================================================================== 
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D-4-5: Summary of item estimate 
 
(MAIN Posttest)                                                                           
--------------------------------------------------------------------------------------------- 
Item Estimates (Thresholds)                                                                     
all on all (N = 91 L = 18 Probability Level= .50)                                                              
--------------------------------------------------------------------------------------------- 
  
Summary of item Estimates 
========================= 
  
Mean                           .23 
SD                             .73 
SD (adjusted)                  .73 
Reliability of estimate       1.00 
  
  
 Fit Statistics 
=============== 
  
 Infit Mean Square         Outfit Mean Square 
  
    Mean    1.03             Mean    1.05 
    SD       .09             SD       .19 
  
  
      Infit t                  Outfit t 
  
    Mean     .36             Mean     .25 
    SD      1.28             SD       .91 
  
   0 items with zero scores 
   0 items with perfect scores 
============================================================================================== 
 
